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Proceedings of the Thirtyfirst Indian Science Congress 


CHANGE OF VENUE 

The University' of Travancore invited the 31st Session of the vScience 
Cotigress at Trivandrum. The Reception Committee formed under the 
auspices of the University A»ACkcompleting all necessary arrangements 
vhen they received informaaon abt>ut sev'ere restrictions in railway trgji- 
sport. Owing to the peculiar geographical: location of the city it was 
eared that many members would find it extremely difficult to reach 
rrivandrum. At the same time, the Recejition Committee was anxious 
that the members intending to attend the Session should have fullest 
facilities for doing so. They therefore sought the advice of the Executi\’e 
Committee of the Association towards the beginning of October. The 
Executive Committee considered the situation carefully in the light of 
the facts placed before them and agreed with the Travancore Uiiiversity 
that an attempt should be made to hold the Session, if possible, elsewhere. 
The University of Dellh having kindly extended the invitation, the 31st 
Session of the Science Congress was held at Delhi. 

The following apiiointments at Trivandrum were made. On account 
of the change of venue of the Congress all officers appointed at Trivandrum 
resigned their offices. The full list of officers of the Thirtyfirst Congress 
is given under the proper heading?. 

PATRON 

Ilis Highness Sir Balii Rama \'arma, D.Litt, 

Maharaja ^of Travfiiu'ore and .Chancellor of the rniversity of 
Travancore. 


VICE-PATRONS 

Her Highness Maharani Selu Parvaii Bavi, D.Litl., Pro- 
Cliaricellor of the Ihiiversily of Travancore. 

Sachivoltania Sir C. I\ Ralna.^\vamy Aiyar, K.C.S.L, 
K.C.T.K.. LL.D., Dewan of Travancore and Vice-Cliancellor of 
the" University of Travancore. 

LOCAL SECRETARIES 

Hr. 11. Sul»raniani Aiyar, M.A., Ph.D., Princij)al, Uiiivcrsily 
College, Trivandrum. 

Dr. K. U. Moudgill, I). Sc., F.I.C., Director of Research, Univer- 
sity of Travancore, Trivandrum. 

LOCAL SECTION^ SECRETARIES 

Mathemaiics and Staiistics.-^Vvoi, C. V. Subbarama Ayyar, M.A.. 

Professor of Mathematics, University College, Trivandrum. 
Physics.~~VYof. y. Sivarainakrislina Iyer, Professor of 

Physics, University College, Trivandrunv 

Chenmiry, I’rof. K. R. Krishna Iyer, M.A., Professor of 

Chemistry, University College, Trivandrum. 

Geoloi^y and Gcoyraphy.^V, Mahadevan, M.A., State (Geo- 

logist, (Government of Travancore, Trivandrum. 

Botany. T. K. Ko.sjiy. AI.A., Ph./). (bond.), JUL.S., 
I'rofessor i)f Botany, Univer.sity College, IVivandrmn. 



Thiriy-firsi Jjidian Science Congress. 

Zoology and Entomology. — Prof. C. C. John, IM.A., D.Sc. (Lond.), 
D.tC., Professor of Marine Biology and Head of the Depart- 
nienf- of I'isheries, University of Travaneore, Trivandrum. 

Aiithropology and Archaeology. — R. Vasudeva Poduval, Ksq., 
B.A., Director of Archaeology, Trav^ancore State, Trivandrum. 

J\{cdical and ,\’ctcrinary Sciences.-— Jiicoh Taliat, Hsq., F.R.C.S. 
(Kng.), Surgeon and Superintendent, General Hospital, 

'Trivandrum. * 

Agricultural Sciences.— A. P. A. Brito-Mlitanayagam, B.Sc. (Ag.), 
IM.Sc., F.C.vS., Biochemist, Agficullural Research Lalx>ratory, 
Trivandrum. • ’ * 

Physiology.-S. S Pillai, Ksq., B.A., M.B.B.8. (Madras), D.P.H., 
D.C.P. (Loud,), Assistant Surgeon, Public Health Talx>ratory, 
Trivandrum. 

Psychology and Educational Science. — A. N. Tampi, Ksej., B.A. 
(Oxon.), Bar-at-Lavv, Principal, Training 

College, and Dcam of Uie I'ag^Tfy .)f jftdiication, University of 
Travaneore, Trivand/um. 

Engificering and Metallurgy. — Prof. D. F. Deslipande, B.Sc. 
(Hons.), M-Sc. (ling.), 1‘rofes.sor of ^^cchanical F'nginecring, 
College of Kngineering, Trivandrum. 


!• OFFICERS OF THE THIRTYFIRST CONGRESS 


PATRON-IN-CHIEF 


His Exckllenxy Fif:i.D IM.vrsiiai. thf Rir^ix IIoNorK.Anu{ X’iseorNT Wwii.t ok 
Cyrknaic.a .vnd Winchkster, P.C., Cr.C.B., G.M.S.I., M.T.p:., C.M.t'r, M.C., 

VlCKROY AND Gov1‘:k.n(.»k-GkM’;kai, ok Jni>ia. 


PATRONS 


His Excellency General Sir Claude John Fiver .\uchinlrc k, G.C.I.FF, C.B,, C.S.I,, 
D.S.O., (l.B.Fk, Commaiider-in-Chicf in India. • 

A. V. .‘Vskvvith, F'sq., C.I.Fk, I.C.S., Chief Commissio!H-r, Delhi. 

d'he Hon’ble Sir M. A/.i/.ul Ilaque, C.l.Fh, D.hitt., Cunmurce McmlxT, \htarn\ > 
Executive Council. 

Seth G. D. Birla, Albuquerque Road, New Delhi. 

The Hon’ble Sir Jcjgendra Singh, Kt., Fiducation ^Member, \’icen*\ ’s l{.\vrutive 
Council. 

Lala Hans Raj Gupta, Barakhamba Road, New Delhi. 

Kirpa Narain, Esq., Raj Narain Road, Delhi. 

Rai Bahadur Malia Narain, Raj Narain Road, Delhi. 

The Hon’ble Dewan Bahadur Sir A. Ramaswami Mudaliar, K.C.S.I., Siqiplv .Miinber, 
Viceroy’s F^xecutive Council. 

The Hon’ble Sir Jeremy Raisman, K.C.S.I., C.I.IC, I.C.S., I'in.nue .M('njb<T, 
Viceroy’s Fixecutive Council. 

^ieth Ram Krishna Dalmia, Man Singh Road, New Delhi. 

Sir Shri Ram, Kt., Curzon Road, New Dellii. 

Fala Shankar Fal, Curzon Road, New Delhi. 


PRESIDENT 

PkokEvS.sor S, N. Bose, F'..\M. 

Profe.ssor and Head of /the Department of Physics, University of Dacca 


PRESIDENTS OF SECTIONS 

Mathematics and Statistics.— li. M. Sen, FNq., ]M.A. (Cantab.) 

Principal, Pre.sidency College, Calcutta. 

Phyjics.— Prof. D. S. Kotharii Ph.D., F.N.I., JVofe^sor of Phvsic 
^Department, University of Delhi, Delhi. 


I F.N,I.,*.jate 
s and Head tlm 
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CiictHisiry. — Prof. R. C, Ray, D.Sc., F.I.I.Sc., Professor of Chemistry and 

Head of the Department, Science College, I’atna. 

(rcology and (geography. — Dr. A. S. Kala])c.si, B.Sc.. D.I.C., Ph.D. (Loud.), F.G.S., 
F.R.G.S., Profes.sor and Head of the Department of Geolo^jy and Geography, 
St. Xavier’s College, Bombay. 

Ihtany,— Dr. T. S. Sabnis, D.Sc., F.A.Sc., I.A.S., Principal, Cawnpore Agricultural 
College and Kconomic Botanist to the Government of U.P., Cawnpore. 

Zoology and Entouwlogy. — Prof^ Vishwa Nath, M.Sc., Ph.D. (Cantab.), F.N.I., 

• Pi*ofcssor of Zoology, Government College, Lahore. 

Znihropology and Archaeology . — Verrier Flwin, Ksq., M.A. (Oxon.), F.R.A.I., 
Patangarh P.O., Dindori Tullsil, Mandla District (C.P.). 

Medical and Veterinary Sciences. — Prof. K. V. Krishnan, M.B.B.S., M.R.C.P., D.B,, 
D.Sc.*, F.NM., Professor of Microbiology, All-India Institute of Hygiene and 
Public Health, 110, Chittaranjan Avenue, Calcutta. 

Agricullural Sciences. - Rai) Bahadur D. V. Bal, M.Sc. (Ag.), Ph.D., x\.l.C., F.C.S., 
Agricultural Chemist to the Government of Central Provinces and Bercir, 

• Nagpur. 

Vhysiology.'~ VToi. S. N, ISIathuj, M.B.B.S., Ph.D. (Lond.), Professor of Ph\>iology, 
Medical College, Agra. • • . 

psychology and Educational Science , — ^John Sargent, C.I.IC., KduaUional .Adviser 
to the 0>vernment of India, New Delhi. 

Engineering and Metallurgy. — J. J. Ghantly, P'sq., C.I.K., B.Sc., 1*. Inst. F., 

ALLS. I., General Manager, Tata Iron and Steel Co., Ltd., Jamsltedpur. 


RECORDERS OF SECTIONS 

..uJiewatiiS and Staii.Aies.- Prof. K B. Madhava, M.A., F.R.A.S., A. LA. (Ivond.), 
I'.N.L, Professor of Alathcmatical Fcoiiomics and Statistics, Maharaja’s College, 
Lniversity of M\sore, Mys<»re. * 

/Vi vv/(>.™~i’rof . K. Banerjee, D.Sc., V.S.I., Mahendralal Sircar Professor of Physics, 
Indian .\ssociati<in for the Cnltiviiiion of Science, 210, Bowbazar Street, Calcutta. 

( hrniistry. - Dr. Khwaja Habib Hasan, L Ag., M.Sc., Pli.I)., Government Industrial 
1 jilwiraiory, Xara>anguda, Ilyderabad-Deccan. 

Ecology and (n'ography,- Dr. B. N. Mukerji, M.J^c., Ph.D. (Hdiii ), Department ‘of 
( reograijhv, U niversity of Calcutta, vSenate House. Calcutta. 

/iotdny.--I)r. -\. C. Jo'^hi, D.Sc., I'.N.L, Assistant Professor of Ik>tany, Benares 
Hindu Lniversity, Benares. 

/oology a)ui Enf ontology. — Dr . M. L. *Bhaiia, M.Sc., Ph.D., Lecturer in Zoolo,tf>’, 
Lniversity of Lnckiu»w, Lucknow. 

Anthropology and Arihac(dogy. — Dr. (Mrs.) L Karve, M..\., Ph.D., Reader in 
Sociology, Deccan Col]eg<\ iVKjtia. 

Medical and I'ctcrinary Sciences.— M. R. Afahajan, Ksq., M.R.C.V.S. (lyoiuL), Animal 
Husbandry Ofticer, Ajmer-Merwara, Ajmer. 

.IgrieuUitial Sciences. Dr. S. V. Desai, D.vSe. (Loud.), Ph.D. (Lond.), D.I.C., 2nd 
Agricullural Clunihst, Imperial Agricultural Research In.sliiute, New Delhi. 

Physiology.— \Si)f. S. A. Rahman, Professor of Physiology, Gsmania Medical College, 
1 ly< lerabad-I )eccan , 

Psychology and Educational Science. —S. Sinlia, Ksq., M.Sc., Department of Psycho- 
l<»gv, Lniversity College <if Science, 02, L]>]H'r Circular Road, Calcutta. 

I'ngiueering atid Metallurgy, — Prof. H. L. Roy, A.B. (Harvard), Dr. Ing. (Berlin), 
M.LCh.K., Professor-in-Char.ge of the Chemical luigiiieering Department. College 
of Ljigincering and Technology, Bengal, P.O. Jadavpur College, 24-Parganas. 

SECTIONAL CORRESPONDENTS 

.MaihemafiiS a)td Statistics. Ka) Chandra Bose, I{sq., M-.\.. F.N.I., Statistical 
LalK)ratory, I’residency College. Calcutta. • 

Physics.- Dr . P. C. Mahanti, D.Sc., l.ecinrer in Applied Physics, Lniversitv College 
(»f Science and '1‘ecluiology, 02, Lj>per Circular Road, Calcutta. 

Chemistry.- Ah. D, Cliakravarti, D.Sc., Lecturer in Chemistry, Lniversity Colk\«^e 
of Sc ience and Technology, 02, Lpper Circular Road, Calcutta. 

Ecology and Eeography. — N. N. Chalterjee, ILsq., M.Sc., Post-Graduate Lecturer in 
(ieology, Presidency College, Calcutta. 

Poidny.—lH. S. M. Sircar, M.Sc. fCaL), Ph.D. (Lond.), D.I.C., Lecturer in Plant 
l‘hvsiology. Department fd Botany, Lniversity College of Science, Ballygunge 
Circular Road, CuUuttii. 

Zoof^igy and Entomology .—W. K, Chalterjee, Ksq , M.Sc., Lecturer in Zoology, 
ITesidency College, Calcutta, 
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• 

Anthropology and Archacolbgy.^D. Sen, Esq., M.A., Professor Of Geography, Vidya- 
. sagar College, Calcutta. 

Medical and Veterinary Sciences, — Prof. G. Sankaran, Professor of Bioclieinistry. 
All-India Institfite of Hygiene and Public Health, 110, Chittaraiijan Avenue, 
Calcutta. 

rhysiology.-^, Banerjee, Esq., M.Sc., M.B., Honorary Lecturer in Applied 
Chemistry, Calcutta University, and Dr. A. ISIitra Research Scholar in Diabetes, 
Calcutta* Sc1kj( 31 of Tropical Medicine, Chittargnjan Avenue, Calcutta. 

Psychology and Educational Science, — S. Roy, P'sq., M.vSe., Aj)plicd J'sychology 
Section, University of Calcutta^ 92, Upper Circular Road, Calcutta, * 

Engineering' and Metallurgy, -^Vroi. M. Sen-Gupta, B.Sc. (Cal.), B.Sc. (Hons.) 
(Glas.), C.P.E. (Glas.), A.M.I.H.IL (Lond.), Head of the De})artnient ,of P'lec- 
trical Engineering, Bengal Ihigineering College. P.O^ Botanic Garden, Howrah. 

LOCAL SECTIONAL SECRETARIES 

Mathematics and Statistics. — F. C. Auluck, Esq., Lecturer in ]Mathcinatics, Univer- 
sity of Delhi, Delhi. l 

Physics. — Dr. W, INI. Vaulya, Pll.D., Lecturer in Physics, University of Delhi, Delhi. 

Chemistry. — Dr. B. D. Laroia, Mi.D., D.I.C., C)fiicer-in-Charge, Central ]Medical 
Laboratory, Delhi. 

Geology and Geography, — Prof, M. L. Shandilya, IM.A., Profe.ssor of Ge(vgrai)hv and 
Commerce, Commercial ColU\ge, Delhi. 

Hotany. — Dr. B. Pal, IM.Sc., Ph.D. (Cantab.), h'.L.S., Imperial F!conoinic BrUanisi, 

Imperial Agricultural Research Institute, New Delhi. 

Zoology and Entomology. — Balkrishan Das, I\sq., M.Sc., Depa tineiit <>f liiolog\ , 
Hindu College, Delhi. 

Anthropology and^ Archaeology. -Vroi. vS. N. Sen. Ph.D., B.Liti. (Oxon.), Proft‘ssor 
of H^tory, University of Delhi, and Imperial Record Keei'er, Government of 
India, New Delhi. 

Medical and Veterinary Scicuccs.—Dr. H. L. Khosla, M.D. (Edin.), 13-A, Keeling 
Road, New Delhi. 

Agricultural Scienccs.— Rno Bahadur B. Viswanath, C.I.F., D.Sc., I M C , Director, 

• Imperial Agricultural Re.search Institute, New Delhi. 

Physiology.^Dr. N. K. Basu, Pharmacologist, Laboratories of vScienlific and In- 
dustrial Research, University Buildings, ILlhi. 

Psychology and Educational NnVncc.^Samuel Matiiai, PNq., St. Sleidicn’s College. 
. Delhi. • s 

Engineering an4 Mclallurgy.-^R. N. Matlnir, Esq., Ihiginecr and Arehitcet, Kashmir 
Gate. Delhi 


GENERAL SECRETARIES 

D.Sc.. I'.X.I., I nivcrsilv C»)lU’c,c fl Science an*l Tcctuev- 
loKy, 92 .1 pper Circular Roail, C.ilcuUn. 

Trof. P. Parija. O.B.lc., I'.X.I., l.Pi.S.. Vicc-Cli.'ttu'tU(jr. I'lk.'il liiiiv crsiic' and 

Principal, Ravcnsluiw College, Cuttack. 


TREASURER 

I’rof. J N. Mnkherjee C.B.F... D.Sc., P.C.S., F.R A.S.B., F.N.I., InivcrMlv College 
of Science and rechnology, 92, rpjier Circular Road, Calcutta. 

CHAIRMAN OF THE RECEPTION COMMITTEE 

siiy“*^Delhr'‘'’^’ ' Vice-Chancellor, Delhi fniver- 

LOCAL SECRETARIES 

Sir S S Bhatnagar, Kt., F.R.S Profe'ssor of Chen.isirv, Delhi Universitv an<i 

V Ooveniiiicnt of India, Delhi. 

Irof. D. S. kothari, Ih.D., 1 rofe.ssor of Physics, Delhi University. 

TREASURER OF THE LOCAL COMMITTEE 

Rai Bahadur S. N. Mukarji, M.A., Principal, St. Stephen’s College, Delhi. 
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EXECUTIVE COMMITTEE 

1. I). N. Wavlia, Hsq., M.A., B.Sc., F.G.S., F.R.G.S., ) 

F.R.A.vS.B., F.N.I. ' 

2. Fruf, vS. N. Bose, F.N.I. 

3. Prof. vS. K. Mitra, D.Sc,. F.N.I. ] 

,4. Prof. P. Parija, O.B.K., M.A., F.N.I., I.K.S. > 

5. Prof. J. N. Muklierjee, C.B.K., D.Sc., F.C.S., ] 

F.R.A.S.B., F.N.I. y 

6. Prof. S. P. Agharkar, M.A., Ph.D., F.L.S., F.N.I. 

7. Dr. II. ChaiKiImri, D.Sc., Ph.D., D.I.C. 

8. Prof. B. C. Giilia, Ph.D., D.Sc. 

a Prof. P. C. Mitter, M.A., Ph.D., F.N.I. 

10. Dr. K. G. Naik, M.A., D.Sc., F.I.C., F.N.I. 
n. Prof. B. Sahni, Sc.D., D.Sc., F.R.S. 

12. W. D. West, Ksq., M.A., F.N.I. 

13. Sir S. 8. Bhatnagar, Kt., F.R.S. ) 

14. Prof. D. S. Kothari, Ph.D.^ F.N.I. j 


President. 

President Elect. 

General Scerctaties. 
Treasurer. 


Elected by General 
Comyniitee. 


Local Secretaries 
{Co-opted) . 


COUNCIL 

1-14. (a) Member* of the Executive Committee. Ex -officio. 

past President* who arc either Ordinary or Honorary Member*. 

15. \Sir P. C. Ray, Kt., C.I.IC., I'h.D., D.Sc., F.C.S., F\R..\.S.B., F.N.I. 

16. Sir M. X’isvesvaraya, K.C.I.F'., M.Inst.C.I{., D.Sc. * 

17. l*rof. J. L. Sijiioii.son, D.Sc., F.I.C., F.R.S. 

18. Sir Chandrasekhara Venkata Raman, Kt., Nolxl Laureate. 

10. Sir Lewis Leigh I'ermor, Kt., O.B.Ii., D.Sc., F'.G.S., A.R.S.M., M.Inst.M.:M., 

I'.R.S., F'.R.A.S.B., ILNM. 

20. Prof. M. N. Saha, D.Sc., F.R.S., F.R.A.S.B., F.N.I. 

21. Dr. L H. Hutton, O.I.K., M.A., D.Sc., ILR.A S.B., F'.N.I. 

22. Sir t'lXMulra Nath Brahmachari, Kt., M.A., M.D., Ph.D., l .S.M.F., F.R.A.S.B., 

l-.N.T. 

23. Sir 'r. S. Venkatraniaii, Kt., C.I.fL, D.Sc. 

24. Sir James H. Jeans, Kt., D.Sc., Sc.D., LL.D., F.I.C., l-.R.S. 

25. Sir Jnaii Chandra (.ilH»sh, Kt., D.Sc., F.N.I. 

11. Prof. B. vSalmi, Sc.D., D.S<\, I'.R.S. 

26. Sir .Ardeshir Dalai, Kt., l.C.S. (Retd.). 

(e) Pa*t General Seevetarie* who are either Ordinary or Honorary Member*. 

17. Prof. J. L. Simonsen, D.Sc., FM.C., F.R.S. 

18. Sir Cljandrasckhara Venkata Raman, Kt., Nol>el Laureate. 

6. Prof. S. P. Agharkar, M.A.. Ph.D., F.L.S., F.N.I. 

12. W. 1). West, Esq.. IVI.A., F.N.I. 

v5. Prof. J. N. Mukherjee, C.B.H., D.vSe., F.C.S., F.R.A.S.B,, F.N.I, 

(d) Pa»t Managing Secretary who i* an Ordinary Member. 

22. Sir rpendra Nath Brahmachari, Kt., AI.A., M.D., Ph.D., F.S.M.F., F.R.A.S B., 
F.N.T. 

(e) Pa*t Trea»urer* who are either Ordinary or Honorary Members. 

17. Prof, J. L. Simonsen, D.Sc., F.I.C., F.R.S. 

18. Sir Cliandrasekhara Wenkata Raman, Kl., Nol>el Laureate. 

27. Dr. Baini Pra.sliad, O.B.E., D.Sc., F.L.S., I'.Z.S., F'.R.S.K., F.R.A.S.B., F.N.I. 

28. Kai Bahadur Dr. S. h. Flora, PPSc., F.L.S., F.Z.S., I'.R.A.S.IL, F.X.I. 

29 — 39. (f) Sectional Presidents for the Session (vide list above). Ex-ofBcio. 

(g) Elected by General Committee 

40. Prof. Y, Bharadwaja. M.Sc., Ph D., F.L.S., F.N.I. 

41. Prof. G. P. Majunular, M.Sc., Idi.D., F.N.I. 

42. Prof. H. K. lM<H“»kerjee, D.Sc., D.I.C. 

43. Dr. K. L. Moudgill, D.Sc., IM.C. 

44. Prof. Mata Prasad, D.Sc., F.N.I. 

45. Prof. M. Qure.shi, M.Sc., Ph.D,, F.N.I. 

46. Prof. B. Sanjiva Rao, M.A., Ph.D. 

— 

• Since deceased. 
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3 . SECTIONAL COMMITTEES, 1943-44 


[Names ^iiarked with * indicate that they were also Recorders 
of the respective Sections.] 


1. Mathematics and Statistics — 

Mr. B. M. Sen 
.Prof. K. B. Madhava 
Mr. Raj Chandra Bose 
Mr. F. C. Auluck 
Dr. R. C. Majunidar 

*rrof. N. R. vSen 
Prof. A. C. Banerji 
♦Prof, M. R. Siddiqi ... 

Prof. P. C. Mahalanobis , 
•♦Dr. S. C. Dhar 

Dr. Ram Behari 
Dr. B. N. Prasad 
Mr. S. Gupta 


2. Physics — 

♦Prof.*D. S. Kothari ... 

Prof. K. Banerjee 
Dr. P. C. Mahanti .;. 

Dr. W, :M. Vaidya ... 

Dr, A. K. Dutta 
Mr. B. C. Muklierjee 

Sir C. V. Ramau 

Mr. T. P. Bhaskara Shastri 

Dr. S. K. Banerji 
Prof. M. N. Saha 
Dr. D. M, Bo.se 
Prof. S. N, Bo.se 
Prof. B. Venkatesachar 
•Dr. C. W. B. Normand 
Prof. S. K. Mitra 
♦Dr. S. Datta 

Diwan Bahadur K. R. Ramanathan 

Prof. K. S. Krishnan 

Prof. P. N. Ghosh 

Prof. B. B. Rav 

Prof. H. J. Bhabha ... 

Prof. G. R. Paranjpe ... 

Prof. H. Parainesvvaran 
Prof. Kanita Prasad ... 

Dr. R. K. A.sundi 
Dr. R. C. Majunidar ... 


3! Chemistry — 

♦Prof. R. C. Ray 
♦Dr. Khwaja Habib Hasan 
Dr. D. Chakra varti ... 

Dr. B. D. Laroia 

Dr. U. P. Basu 
I>r. S. C. Niyogi 


Convener, 

Recorder. 

Sectional Correspondent . 

... . I.ocal Sectional Secretary. 

■ , Elcijcd Member. 


Past Presidents ivho arc either 
Ordinary or Honorary Mem- 
* bers. 


Past Recoiders leho arc cither 
(Ordinary or llonouity Mem- 
bers. 


Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

Elected Member.^;. 


Past Presidents ivUo arc either 
Ordinary or Honorary Mem 
be rs . 


Past Recorders :vho are either 
Ifonorary or Ordinary Mem- 
bers. 


Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

' j Elected Members. 
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Prof. J. h. Sinionsen ... 
fSir P. C. Ray 
Dr. G. J- Fowler 
Prof. B. K. Singh 
Prof. B. B. Dey 
vSir J.' C. Ghosh 
Dr. II. K. vSen 
Sir S. *S. Bhatnagar ... 
Prof. J. K. Muklierjee 
Prof. P. C. Mitter ... 
Dr. K. G. Naik 
Prof. P. Ray 
Prof. P. Neogi 
Prof. A. C. Sircar 
*Prof. P. C. Guha 
♦Dr. T- N. Rav 
n)r. P. B. Sarkar 
Dr. S. Kri.shna 
’*'Prof. Mata Prasad 
“‘•prof. INI. Qureshi 
’"Prof. S. S. J(>shi 

Prof. I). T). Karve ... 
Mr, S. N. Mukherjee 


4. Geology end Geography — 

“"Dr. A. S, Kala|x?si 
Dr. B. N. Mukherjee ... 

“"Mr. N. N. Chatter jee ... 

Mr, M. L. Sliandilya ... 

Dr. S. Deb 

Mr. T. N. Muthuswami 

Mr. K. S. Pinfold 
Sir L, L. I’ernior 
Mr. D. N. Wadia 
Prof, B. Sahiii 
Sir C. S. Fox 
Mr. P, Kvans 
“"Dr. M, S. Krishiian ... 

Mr. B. Rama Rao 
Mr. W. D. West 
*Prof. L. Rama Rao ... 

Dr. M. R. Salmi 
Dr. Raj Nath 
•"Dr. Shibaprasad Chatterjee 
Dr. S. M. Taliir Rizvi 
’"Mr. George Kuriyan ... 

Dr. J. A. Dunn 

Dr. C. Mahadevan 
Mr. V. P. Sondhi ... 

Prof. Maneck B. Pithawalla 
Mr. A. K. Bauer jee ... 

Prof. Nafi.s Ahmed 
Dr. C. S. Pichamutlm 


Past Presidents zvho are either 
Ordinary or Honorary Mem- 
bers. 


Past Recorders who are either 
Ordinary or Honorary Mem- 
bers . 


Convener, 

Recorder. 

Sectional Correspondent . 
Local Sectional Secretary. 

Elected Members. 



Past president s who are cither 
Ordinary or Honorary Mem- 
bers. 


Past Recorders irho are either 
Ordinary or Honorary Mem- 
bers. 


5, Botany — 

Dr. T, S. Sabni.s 
Dr. A. C. Joshi 
Dr, S. M. Sircar 
Dr. B. P. Pal 



C. 

K. 


Ktindu 

Sen 


Convener, 

Recorder. 

Sect iona I Cor re sponden t . 
Local S'cciional Secretary. 

P'lected Members. 


t Since deceased, 
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Prof*. B. Salmi 
Prof. S. P. Agharkar ... 

Prof. M. O. P. Ivengar 
Prof. K. C. Mehta ... 

Prof. P. Parija 

Dr, T‘. Ekambaraift ... 

Dr. II. Cha’udhuri ... 

Dr. S. L. Ghose ... .... 

Prof R. H. Dastur ... 

*Dr. S. R. Bose 

*Dr. Krishnadas Bagcliee 

♦Prof. Y. Bharadwaja ... 

Dr. Shri Ranjan 
Dr. N. D. Bor 
Dr. K. Biswas 

Dr. G. P. Majumdar ... • 

Pr6f. S. L. Ajrekar ... • ... 

Prof. M. Sayeed-ud‘Din 
Dr. F. R. Bharuclia ... 

Dr. P. Anand 

]\Ir. N. K, Tiwary 

Dr. S. N. Das-Gupta ... 

Dr. J. C. Sen-Gupta 

6. Zoology and Entomology — 

Prof. Vishwa Nath 
Dr. M. D. Bhatia 
Mr. B. K. Chatterjee ... 

Mr. Balkrishan Das ... 

Mr. B. C. Basu 
Mr. A. C. Mukherjee ... 

Prof. G. Matthai 
Dr. 11. R. Mehra 
Dr. F. H. Gravely ... 

Prof. K. N. Bahl 

Dr. B. Prashad 

Dr. B. Sundara Raj ... 

Dr. S. L. Hora 
Prof. 1), R. Bhattacharya 
Prof. R. Gopala Aiyar 
Prof. P. R. Awati 
Diwan Anand Kumar 
*Prof. II. K. Mookerjee 
Prof. B. K. Das 
Prof. A. Subba Rau ... 

Khan Bahadur M. Afzal Husain 
Rao Bahadur Y. Ramchandra Rao 
*Mr, D. Milker ji 
Dr. B. N. Chopra 

Dr. FI. N, Ray 
Prof. S. G. M. Ramanujam 
Mr. G. K. Chakra varty 
Mr. Beni Charan Mahendra 
Mr. J. D. Bhaduri ... 

Dr. B. R. Seshachar ... 

Dr. P. Sen 

Prof. A. B. Misra 

Mr. Mukundamurari Chakra varty 

7. Anthropology and Archaeology— 

Mr. Verrier Hlwin 
Dr. (Mrs.) I. Karve ... 

•Mr. D. Sen 
Dr. S. N. ..r 

*Mr. D. Sen 


Past Presidents 7vho are either 
Ordinary or Honorary Mem- 
bers. 


Past Recorders who are either 
Ordinary or HoYiorary Mem- 
bers. 


Convener. 

Recorder. 

Sectional Correspondent. 
J.ocal Sectional Secretary. 

I Elected Members. 


Past Presidents who are either 
Ordinary or Honorary Mem- 
bers. 


Past Recorders ivho are either 
Ordinary or Honorary Mem- 
bers. 


Convener. 

Recorder. 

Sectioml Correspondent. * 
Local .Sectional Secretary, 
Elected Member, 
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Prof. P. C. Mahalanobis 

Dr. J. H. Hutton 

Dr. B. vS. Guha 

I*rof. K. P. Chattopadhyay 

Dr. G. S. Ghurye 

Dr. D. N. Majumdar ... 

Rao Bahadur K. N. Dikshit^ 
Prof. M. H. Kri.shna ... 

Dr. N. *1*. Chakra varti 

Dr. G. M. Kurulkar ... 

Capt. R. N. Basil 

Dr. A. Aivappan ...• 

Air. J. K.' Bose 


Past Presidents who are either 
Ordinary or Honorary Mem- 
bers. 


I Past Recorders who are either 
Ordinary or Honorary Mem- 
bers. 


8. Medical and Veterinary S<^ence( 

Prof. K. V. Krishnnn ... 

Air. AI. R. Alahajan ... 

Prof. G. Sankarau 
Dr. H. I^. Khosla 

Dr. H. N. Ray 
Air. A. K. Sen 

Lt.-Col. vS. vS. Sokhey 
Lt.-Col. K. R, K. Iyengar 
Sir R. N. Chopra 
Sir U. N. Brahinachari 
*Rao Bahadur T. S. Tirurnurti .. 
Air. J. R. Haddow 
•^Alr. A. C. Ckil 
*Dr. C. G. Pandit 
Dr. V. C. Alinett 

Dr. AI. B. Soparkar ... 

Prof. S. W. Hardikar 
Capt. S. Datta 

Dr. I'hanindranath Brahmachari 
Dr. G. 1). Bhalerao ... 


Convener. 

* Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

Elected Members. 


Past Presidents who are either 
Ordinary or Honorary Mem- 
bers. 


Past Recorders who are either 
Ordinary or Honorary Mem- 
bers. 


9. Agricultural Sciences — 


Rao Bahadur D. V. Bal 
*Dr. wS. V. Desai 
Dr. R. P. Alitra 
Dr. B. \'iswaiiath 

Dr. S. P. Ravdiaudhuri 
Dr. K. C. Sen 


Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary 

Elected Members. 


Rao Bahadur AI. R. Ramaswanii 
Sir T. vS. Venkatraman 


Si van 


Sir T. Vijayaraghavacharya 

Rao Bahadur G. N. Rangasvvanii Ayyangar 

Khan Bahadur Alian Afzal Husain 

Air. A. K. Y. Narayan Aiyer ... 

*Rao Bahadur B. Viswanath 
Rao Sahib T. V. Ramakrishna Avvai; 

Rai Bahadur Jai Chaiid Luthra ... 

Air. K. Ramiah 

Dr. Nazir Ahmad 

Rao Bahadur Y. Ramchandra Rao 


Past Presidents who are either 
Ordinary or Honorary Mem- 
bers, 


Air. N. V. Joshi 
Dr. A. N. Puri 
Pr. O. N. Acharya 
Air. N. P. Dutt 
Dr. J. K. Basu 


Past Recorders who are either 
Ordinary or Honorary Mem- 
bers, 
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^0. Physiology — 

♦Prof. S. N. Maihur 
Prof. S- A. I^ahinan ... 

Mr. S. Banerjee 

Dr. N. K. Basu 

Dr. P. N. Brahmachari 
Dr. S. N. .Ray ‘ ... 

Lt.-Col. S. h. Bhatia ... 

Dr. W. Burridge ... ' ... 

Sir R. N. Chopra 
*Prof. N. M. Basu 
Dr. W. R. Aykroyd ... 

*Dr. B. B. Dikshit 
Rao Bahadur B. T. Krishnan ... 

*Prof. B. Nara_vana 
Dr. B. Mnkerji ... ^ 

Mr. K. Mitra ... * 

Mr. B. Chatterji ... 

11. Psychology and Educational Science — 

Mr. John Sargent 
Mr. S. Sinha 
Mr. S. Roy 
Mr. Samuel Mathai ... 

Mr. A. N. Basu 
Dr,*N. Mukerji 

Dr. N. N. Sen-Giipta 
*Mr. N. S. N. Sastry ... 

Prof. G. Bose 
’•'Mr. M. N. Banerji 
Dr. vS. C. Mitra 
Mr. J. M. Sen 
Mr. K. C. Mukherji ... 

Mr. Haripada Maiti ... 

•“Dr. I. Datif 

♦Dr. Copeswar Pal 

♦Prof. B. Iv. Atreya ... 

Mr. D. Ganguly 
Mr. S. K. Bose 


Convener. 

Recorder. 

Sectional C o rre sponden t . 
Local Sectional Secretary. 

Elected Members, 


Past Presidents zvho are cither 
Ordinary or Honorary Mem- 
bers. 


Recorders who are either 
Ordinary or Honorary Mem- 
bers. 


Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

Elected Members. 


Past Presidents ivho arc either 
Ordinary or Honorary Mem- 
bers. 


i Past Recorders 7vho are either 
Ordinary or Honorary Mem- 
bers. 


12. Engineering and Metallurgy — 

Mr. J. J. Ghandy 
Prof. H. h. Roy 
Prof. M. Sen-Gupta ... 

Mr. R. N, Mathur ... 

Dr. P. C. Mahanli ... 

Prof. S. R. Sen-Gupta 

Mr. C. C. Inglis 

*Dr. A. H. Pandya 

♦Mr. N. V, Modak 



Convener. 

Recorder. 

Sectional Correspondent. 

Local Sectional Secretary. 

Elected Members. 

Past Presidents who are either 
Honorary or Ordinary Mem- 
bers, 


SUB-COMMITTEE ON ‘SCIENCE AND ITS SOCIAL RELATIONS 


Mr. D. N. Wadia (Colombo) 

Pandit Jawaharlal Nehru (Allahabad) 
Dr. J. B. Grant (Calcutta) 

Prof. S. K. Mitra ‘ (Calcutta) 

Prof. P. I*arija (Cuttack) 

Prof. M. N. Saha (Calcutta) 

Prof, B. C. Guha (Calcutta) 

Dr, S. C. Mitra (Calcutta) 


Prof. D. I). Kanga (Madras) 

Dr. Gilbert J. I'owler (Bangalore) 

Dr. C. N. Acharya (Bangalore) 

Dr. Kewal Motwani (Bombay) 

Mr. A. N. Basu (Calcutta) 

Mr. A. C. Ukil (Calcutta) 

Prof. Benoy Kumar vSarkar ^-fCalcjitta) 



Part I : Official Matters. 

4. LOCAL RECEPTION COMMITTEE 


II 


CHAIRMAN 

vSi;- Maurice Gwyer, K.C.B., D.C.L., LL.IX, Vice-Chancellor,* University 

^ of Delhi. 


VICE-CHAIRMEN 

Rai Sahib Adislnvar Lai, 3^, I'erozsliah Road, New Dellii. 

L. N. Ahuja, Lsq., Sepulchre & Co., Ltd., Connaught Circus, New Dellii. 

Lt.-Col. L. A. P. Ander.soii, I.M.S., Office of the Director-General, New Delhi. 

A. wS. Bhatnagar, Ksq., Governing Director, Tndu.strial Products (India), Ltd., Delhi. 

Dr. S. K. Banerji, O.B.K., D.vSfli., h.N.I., Upper Air Office, Lodi Road New Delhi. 
Lala Bharat Ram, Curzon Road, New Delhi. * • 

Lt.-Col. S. L. Bhatia, I.M.vS , 3, Bhagwandas Roafl, New Delhi. 

Lt.-General Sir Clarence Bird, Master-General of the Ordnance in India, New Delhi. 
Lala Bharat Ram, Curzon Road, New Delhi. 

Lt.-Col. Dr. J. C. Chatterji, Vice-Chancellor, Universitv of Agra, Cavalry Lines, 
Delhi. 

C. W. Goyder, Esq., Chief Engineer, All-India Radio, New Delhi. 

Dr. K. M. A. Hamid, ‘Cipla’ Laboratories, Bellasis Road, Byculla, Bombay. 

Lala Hanunian I'rasad Gupta, Dharampura Road, Delhi. 

Rai Bahadur Harish Chandra, INI. A., LL.B., Advocate, 10 Commissioner Lane, Delhi. 

M. vS. A. Hydari, B'sq., C.S.I., C.I.E., I.C.S., Secretary to the Government of India, 
Department of Industries & Civil Supplies, New Delhi. 

B. R. Kagal, I{sq., Lands and Development Officer, 5, Raiseena Road, New Delhi. 
Dewan Naiiak Chand, Sepulchre it* Co., Ltd., Connaught Circus, New Delhi. 

Dr. C. W. B: Normatid, Director-General of Observatories, New Delhi, 

T. S. Ihlhay, }{sq.. Chief Controller of Purchase (Supply), New Delhi. 

N. R. Pillai, Esq., C.I.E., C.B.E., I.C.S., Secretary, Commerce Department, Govern- 
ment of Inclia, New Delhi. 

A. vS, Reddcyar, l{sq., Kashmere Gate, Delhi. 

Khan Bahadur Dr. K. A. Rahma’i, O.B.IL, 6, Keeling Road, New Delhi. 

Ram Chandra, Esq., I.C.S., 3, Bhagwandas Road, New Delhi. 

Rai Bahadur Dr. Ram Kishorc, Ram Kishore Lane, Civil Lines, Delhi. 

Sir S. N. Roy, C.S.I., C.I.E., I.C.S. , Secretarv, War Transport Department, New 
Delhi. 

Sanjiva Row, ILsep, C.I.E., Treasurer, University of Delhi, Delhi. 

Mrs. H. vSen, Lady Irwin Hospital, vSikmidra Road, New Delhi. 

John vSargent, Esq., C.I.E., BXlucaiional Adviser to the Government of India, New 
Delhi. 

Sumer Chand, Esq., 2, Ilardinge Avenue, New Delhi. 

C. O. Tattersall, Esq., O.B.IL, Scientific Adviser, M.G.O., New Delhi. 

Rao Bahadur Dr. B. Viswanath, Director, Imperial Agricultural Research Institute, 
New Delhi. 

Brig. R. D. T. Woolfe, C.I.E., M.C., Controller-General of Inspection, M.G.O. 
Branch, New Delhi. 

W, W. Wood, Esq., ITincipal, Delhi Polytechnic, Delhi. 

Dr. Zakir Hu.sain, Jamia Nagar, Okhla, Delhi. 

Lala Jagan Nath, Rais, vSubzi Mandi, Delhi. 

Lala Ram Roop, Rais, Subzi Mandi, Delhi. 

Lala Gill Prakash, Rais, Saddar Bazar, Delhi. 


MEMBERS 

Dr. N. K. Basu, Board of Scientific and Industrial Research, Old Viceregal Lodge, 
Delhi. * 

A. C. Deb, ILsq., M.A., Principal, Cambridge -School, 2, Darfaganj, Delhi. 

Dr. IT. B. Dunnicliff, C.I.IL, M.A., Sc. I)., War Transport Department, New Delhi. 
Dr. R. B. Forster, Maiden’s Flotel, Delhi. 

Dr. Hem Singh Pruthi, Imperial Agricultural Research Institute, New Delhi. 
Dr,'*Krishna ()opal, D.Sc., Delhi Cloth & General Mills, Delhi. 

Dr. N. C. Joshie, Karol Bagh, New Delhi. 

Dr. If. L. Khosla, M.D. (Ediu.), 13-A, Keeling Road, New Dejlii. 
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Dr. K. G. Matliur, Delhi Cloth and General Mills Acid Factory, Delhi. 

R. N. Mathur, Esq., B.Sc., Engineer and Architect, Kashniere Gate, Delhi. 

R. P. Mathur, Esq., B.Sc., Dip. Eng. (Berlin), Controller of PurchavSe (Supply), 
New Delhi. 

Dr. D. N. Mozumdar, 14 Alipore Road, Delhi. 

Ch. MukhtaY Singh, Vijnan Mandir, Meerut. 

Dr. B. M. .I'iplani, Principal, Coiiiinercial College. Delhi. 

Rai Sahib Ratan- Lai, 75, Daryaganj, Delhi. 

Rai Bahadur N. K. Sen, Registrar, University of Delhi. 

Dr. S. N. Sen, Keeper of Imperial Records, Govt, of India, and Professor of History, 
University of Delhi. 

Dr. S. Sen, Civil Surgeon, Irwin Hospital, Delhi: 

Dr. G. N. Sin^di, Esq., Principal, Raiujas College, Dal'yaganj, Delhi. 

N. V. Thadani, Esq., Principal, Hindu College, Delhi. 

Dr. R. S. Thakur, D.Sc., Asst. Secretary, Supply Development Committee, New 
Delhi. 


. LOCAL SECRETARIES 

Sir S. S. Bhatnagar, F.R.S., Director of Scientific and Industrial Research, 
Delhi, and Professor of Chemistry, University of Delhi. 

Prof. D. S. Kothari, Professor of Physics, University of Delhi. 

ASSISTANT LOCAL SECRETARIES 

Dr. B. D. Laroia, Officer-iii-charge, Central Drugs Laboratory, Delhi. 

Dr. B. L. Manjunath, D.Phil (Oxon.), Chief K<litor, Dictionary of Raw materials 
and Economic Products, 20, Pusa Road, Karol Bagh, New Delhi. 

'Dr. Ram Behari, Ph.D., Reader in Mathematics, Delhi University, vSt. Stephen’s 
College, Delhi. 

Dr. B. R. Seth, D.Sc., Professor of Mathematics, Hindu College, Delhi. 

Dr. S. Siddiqui, Asst. Director of Research, B.S.I.R., Delhi. 

Dr,. Lai C. Verman, Asst. Director of Research, B.S.I.R., Delhi. 

TREASURER 

R^|i Bahadur S. N. Mukarji, M.A., Principal, St. Stephen’s College, Delhi. 


S. FINANCIAL ARRANGEMENTS FOR THE THIRTYFIRST 

SESSION 

The Local Reception Committee made all local arrangements necessary for 
the transaction of the scientific work of the meeting and for accommodation of 
the members and the delegates, who attended the session. 


6. LIST OF DELEGATES 

A. DELEGATES FROM OUTSIDE INDIA 

American Association for the Faculty of Medicine. Kabul. 

Advancement of Science. 1. Prof. S. A. Akhtar. 

2. Prof. Zohdi Burke. 

3. Prof. F'arook Ilhan. 


Prof. M. O. Iyengar. 
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b. DELEGATJSJS FROM UNIVERSITIES, LEARNED SOCIETIES, RESEARCH 
INSTITUTES, COLLEGES, STATES AND GOVERNMENT DEPARTMENTS 


A nnamalai University. 

I. Dr. K. I. Kuriyan. 

University of Bombay. 

1. Prof. G. R. Paranjpe. 

.2. Prof. K. Venkataraman. * 
Liniversitv of Dacca. 

1. Prof. N. M. Hasu. 

2. Mr. Jyotirmay Bhattacliaryya. 

3. Mr. Cliittaranjan Bose, 

4. Prof. S. N. Bose. • 

5. Prof. J. K. Chowdhury. 

6. Mr. Quazi Motaher Ilossain. 

7. Dr. vS. R. Khastftfir. 

8. Dr. P. Maheswari. 

9. Mr. K. C. Mukherjee. 

10. Dr. vS. P, Ravcliaudhuri. 

11. Dr. A. T. Sen. 

University of Madras. 

1. Mr. R. Gopala Aiyar. 

2. Mr. M. Damodaran . 

3. Mr. Georjj:e Kuriyan. 

Nagp u r Un i v e rs ity. 

Rao Bahadur Dr. D. V. Bal. 

U }iiversity of the Pan jab. 

1. Dr. Bashir Ahmad. 

2. Dr. P. Iv. Anaud. 

3. Dr. H. Chaudhuri. 

4. Dr. P. K. Kichlu, 

5. Dewan Aiiand Kumar. 

6. Mr. P. X. Mehra. 

7. Dr. S. D. Muzaffar. 

8. Dr. Vishwa Nath. 


9. Dr. A. N. Puri.* 

10. Dr. Zia-ud-Din. 

Patna University. 

1. Prof. M. Qamrud Doja. 

2. l*rof. Basudeva Xarayanh. 

3. Prof. Romesh Chandra Roy. 
UnivcrsUy of Travancorc . 

Dr. K. h. Moudgill. 

Indian A ssociaiioii for the Culiivotion of 
Science, Calcutta. 

1. Prof. K. Banerjee. 

2. Dr. S. C. vSirker. 

Institute of Plant Industry, Lahore. 

Dr. A. vSreenivasan. 

Indian Botanical Society. 

1. Dr. K. Bagchee. 

2. Prof. M. O. P. Iyengar. 
Carmichael Medical College Hospital.^. 

Dr. S. K. Basu. 

Jodhpur State [Dept, of Public Ilcallh) 
Mr. K. M. Mehta. 

(Government of Bihar {Departnicnt of 
Public Health and of Education). 

1. Prof. M. (Jamrud Doja. 

2. Prof. G. K. Ghosh. 

3. Mr. K. Mitra. 

4. Prof. Ramesli Chandra Ray. 
(Government of India {Departnicnt of 

Industries and Civil Supplies). 

1. vSir vS. vS. Bhatnagar. 

2. Dr. vS. vSiddiqui. 


7. PROGRAMME OF THE SESSION 


The thirty-first sessioji of the Indian Science Congress opened on 
January 3, 1944 and clo.sed on Januar}’ 6, 1944. 

The inaugural niecting was held on ]\Ionday, January 3, 1944, at 
11 A.M. in St. Stephen’s College Hall, Delhi. Sir Maurice Gwycr, K.C.B., 
K.C.S.I., D.C.L., LL.D., Vice-Chancellor, University of Delhi as Chairniaii 
of the Reception Coininittee welcomed the delegates and the nienibers, 
and requested His Excellency the Viceroy to open the Congress. 

With the permission of His Excellency, after the welcome address, 
Professor A. V. Hill, Secretary of the Royal Society of London, lield* a 
special meeting of the Fellows of the Society (with the rest of the assembly 
as visitors) and obtained the signatures of some of the Fellows of the 
Society, wlio could not sign in the Charter Book of the Society in Lopdon. 

.^This meeting being over. His Excellency the Viceroy opened the 
Prbceedings of the Session. After His Excellency’s speech, the President 
delivered his address. 
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At the close of the inaugural meeting, Lt. -General Sir Clarence Bird, 
K.C.I.E., C.B., D.S.O., Master-Gentral of the Ordnance in India, 
addressed the gathering on the scientific work and organisation of the 
M.G.O. Branch of the Indian Army. 

The PrEvSidkntiao Addresses of the Sections were delivered as 
follows : — . ’ 

Ti&esday, January 4th’ : lo a.m., Agricultural Sciences ; 10-45 a.m.. 
Engineering and Metallurgy ; 11-30 A.M., Zoology and Entomo- 
logy ; 12-15 P.M., Geology^* am] Geography. 

Wednesday, January Sth : 10 a.m., Psychology and Educational 
Science ; 10-45 a.m., Mathematics and Statistics ; 11-30 A.M., 
Physiology ; 12-15 r.M., Botany. , 

Thursday, January 6th : 10 a.m., Chemistry ; 10-45 a.ai.. Medical 
and Veterinar}’ Sciences ; 11-30 a.m.. Physics, 12-45 
Antliropology and Archaeology. 

Discussions were held as follows. A general discussion was held on 

Monday, January 3rd : at 3-30 p.m. on the ‘Place of vScience in 
the Indian Bklucational System’, (sj^onsored by the Sub- 
Committee on Science and its Social Relations) at the Ihiiver- 
sity Meeting Room. 


L/.st of Discussions 


Tuesday, January 4th : 12 nwn to j-30 p.im. 


Subject Section. 

1. Food economics .. .. Physiology. 

2. Ethnology in Indian Museums .. Antliro])o]ogy and Arcliaeology. 

3. Mental life as i)ictured in con- Psychology and Educational 

temporary Psychology . Science . 

3-30 P.M. TO 5 P.M. 

4. Locusts and the species problem Zoology and Entomology. 

5. vScience and practice of soil tillage Agricultural Sciences. 

ill India. 

6. Electro-Chemical Industries .. Engineering and Metallurgy and 

Chemistry (jointly). 


Wednesday, January Sth : 1 2 

7. Zoology and the food problem .. 

S. Methods for the iniprovenient of 
yields of paddy. 

9. Correlation of Stone Age Culture 
of India. 

16. Achievement tests and accom- 
plishment quotient and their 
educational applications. 


NOON to 1-30 P.M. 

Zoology and Entomology. 
Agricultural Sciences. 

Anthropology and Arcliaeology and 
Geology & Geography (jointly). 
Psychology and Educational 
vScience. 


111 the absence of the President of this vSedion, the Address was read' by 
Mr. P. Deraniyagala, Chairman of the meeting. , 
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Thursday! January 6th : 12 noon to 1-30 p.m. 

11. Manufacture of photographic Chemistry and Phyjiics. (jointly). 

materials in India. 

12. Standardisation of certain terms Geology and Geography.* 

in Indian Geology. , 

13. Insecticides .. ,. .. Chemistry and ' Agricultural 

Sciences, (jointly). 

14. Position of Physiology as an in- Physiology. 

dependent science iij India. ■ 

The following popular lectures were delivered : — 

January 4th, at 6 p.m. 

Architectural education in India by Mr. -W. W. Wood, Principal^ 
Delhi Polytechnic. 

January 5th, at 6 p.m. 

v^cientific organisations — official and non-official — in the United 
Kingdom by Prof. A. V. Hill, Secretary, Royal vSociety of 
London. 

January 6th, at 6 p.m. 

Food and the food crisis by Dr. B. C. Guha, Ghose Professor of 
Applied Chemistry, Calcutta University. 

Special lectures and demonstrations were arranged as follows: — 

January 4th ; 

1. 'Chemists in Government Service’ by Dr. H. R. Ambler, Chief 

Inspector of Military Explosives, Kirkee (in the section of 
Chemistry), at 10 A.M. 

2. 'Mobile producer gas plants’ by Dr. Lai C. Verman, Assistant 

^ Director of Research Board of Scientific and Industrial Research, 

Delhi, at 2-30 p.m. 

3. 'Produce gas in War effort’ by Dr. H. B. Dunnicliff of War 

Transport Department, New Delhi, at 2-30 p.m. 

4. Demonstrations -at the laboratories of the Director of Scientific 

and Industrial Research, in the afternoon. 

5. 'Development of Indo-Muslim Architecture as illustrated by Delhi 

Monuments’ by Khan Bahadur Zafar Hasan at 3-30 iLM. 

January 6th ; 

6. 'Cosmic Rays’ by Prof. H. J. Bhabha of Cosmic Ray Research 

Unit, Indian Institute of Science, Bangalore, at 3-30 p.m. 

Meetings of the Committees were held as follows : — 
vSectional Commitpees met at 2 p.m. on January 3rd and^at 10 a.m. 
on the succeeding days till January 6th. 

Sup-Committee on Science and its Social Relations met at 3 p.m! 
on January 3rd. 

Council met at 2-30 p.m. on January 3rd. 

Executive CommittkTe: met at 2-30 p.m. on January 2nd and January 
4 th. 

pENERAL Committee met at 2-30 p,m. on January 5th, 
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The following Social Functions were held: — 

Jainuary 3rd : 

4-30 P.M, : Tea Party by the Reception Committee at the Univcr- 
■ sity Gardens. 

6-30 r.M. : Musical Entertainment^ organised by the Reception 
Committee at the St. Stephen's* College Hall. 

Visits to the following 'institutions were arranged: 

January 5th, at 2-30 p.m. 

(1) Delhi Cloth Mills. 

(2) Imperial Agricultural Research Institute. 

(3) Transmitter and Broadcasting House, All-India Radio. 

January 6th, at 2-30 p.m. 

Same programme as ^bove. 

The follow ing Scientific Societies held their Annual Meetings : 

January 3rd, at 1-30 p.m. 

(t) Society of Biological Chenii.sts, India. 

(2) Indian Physical vSociety. 

(3) Indian Psychological Association. 

(4) Ph3’siological vSociety ot India. 

\5) Entomological Society of India. 

(6) Indian Botanical vSociety. 

(7) Annual General Meeting of the Indian Pharmaceutical Associa- 

tion (continued on January 4th). 

January 4th, 1-30 p.m. 

(8) Indian Society of Soil vSciencc. 

(9) Institute of Chemistry of Great Britain and Ireland (Indian 

vSection) . 

(10) Indian Ecological vSociety. 

(11) Indian Chemical vSociety. 

At 2-30 P.M.^ there was a Conference on Food and Nutrition under 
the auspices of the All-India Nutrition Board. 

Prof. S. K. Mitra, General Secretary of the Indian vScience Congress 
Association, broadcast a talk on Tndian vScience Congress — its forthcoming 
Session’, from the Delhi Station at 8-30 p.m., on January 2, 1944. 


8. OPENING PROCEEDINGS 


Sir Maurice Gwyer, Chairman of the Reception Committee delivered 
the following welcome address : — 

This is indeed an auspicious day for the University of Delhi. We 
welcome first our long-lost Chancellor whom we have not seen for over 
12 years ; and we welcome also the Indian Science Congress, that notable 
association of Indian scientists, w^ho are meeting for the first time in the 
capital city of India. We w^elcome, too, a body of most distinguished 
strangers, who are here to testify to that unity of science which transcends 
all national and racial barriers and especially among them Professor* Hill, 
Fellow^ and Secretary ofcthe Royal Society, and Member of the Hpuse of 
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Commons, who is, in a few moments by a kind of magic, to transfofm 
this hall into the Council Chamber of the Royal Society itself* and to 
admit to that august body, with the traditional ceremony appropriate to 
the occasion, those Indian scientists whom the Royal Society has honoured, 

as it has honoured itself, by enrolling among its P'ellows. 

• 

The University of Delhi is among the younger of Indian universities 
and it is 'only recently that it has begun- to organize and develop on 
progressive lines its science school and its science teaching. The presence 
here today of His Excellency; the -Chancellor and of this great body of 
scientists will be to the iTiiiversity both an encouragement and an inspira- 
tion in the tasks which it has undertaken. And I cannot but think it of 
happy augury that, the Univensity not having yet a hall of its own 
large enough for such proceedings as this, it is the oldest Arts college of 
the University which is so hospitably receiving us. The conflict which 
was once supposed to exist between scientre and humanism is for all 
wise men at an end ; and indeed if the aim of both is, as it must be, 
the spread of learning and the establishment of truth, it is strange that 
there should ever have been any question of rivalry between them. Each 
learns something from the other, each makes the other more fruitful ; and 
from this happy union may a new generation arise, reflecting the beauty 
and vigour of both its parents. 

Indian science has already" achieved a position second to tione in 
the world, and Indian men of science have it in their power to make a 
contribution to the future welfare of India almost beyond human compu- 
tation. They can transform the face of India, they can multiply its 
wealth, they can solve the problems of ignorance and poverty ; and who 
knows whether they may not even be able to solve the most intractable 
of all, India’s constitutional i)roblems? It is the earnest prayer of all 
who have the happiness and w'elfare of this country at heart that all these 
problems, surveyed in the calm and serene atmosphere of science by men 
consecrated to the search for truth and nothing but the truth, with minds 
free from prejudice or bias, may And a solution, or at least the beginnings 
of a solution, at the meetings this week in Delhi. 

By the irony of circumstances, war, that great enemy of human 
l)rogress, affords the most powerful stimulus to scientific research that we 
know ; but good can come out of evil, as war is followed by peace ; and 
that part of the world which still loves peace and still believes in Iniman 
personalit}', in the dignity of man and in honest dealing between nation 
and nation, will benefit hereafter from the labours of scientists to put 
new and ever more potent weapons in its fiands to defeat the enemies of 
mankind. F'or those and for the many other blessings which, by the 
goodness and mercy of God, men of science have bestowed upon us, we 
tender them our gratitude ; and we hope that their labours this week and 
the discussions and contacts which a gathering Ijke this makes possible 
will bear fruit a hundredfold. 

It is. Sir, ver}^ fitting that you. should be here today to open this 
Congress. Yourself the grandson and great-grandson of distinguished 
scientists, you have, after leading victorious armies, returned to India, 
determined to prove, -as all your public utterances show, that peace has 
victories no less renowned than war. In this great task you will, I know, 
receive the hel]) and co-operation of every scientist in India ; and I 
believe that they in their turn may look with confidence to Your Excellency 
for guidance and encouragement. Science knows no politics, and* here 
all are labourers in a common field. 
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Sir, on behalf of the Reception Committee, of the University of Delhi 
and of ‘all those present today, I thank you for coming here on this historic 
occasion. I have the honour to request Your Excellency formally to ox)en 
the Congress ; but first I will ask you to permit Professor Hill to exercise 
the powers which have been delegated, to him by the President of the 
Royal Society and to perform a ceremony which is without precedent not 
only in India but also, I believe, in the history of the Royal Society 
itself. 

His Excellency the Viceroy in declaring th(* Congress open delivered 
the following speech : — 

It is a great privilege to have been present today to witness the 
unique ceremony of a meeting of the Royal Society outside England ; 
to^ hear the greetings of its President and otfier eminent PVdlows to their 
Indian colleagues ; and to witness the admission of new Fellows to the 
vSociety. 

It may interest 3^011 to know that it is just over too years ago since 
the first representative of Eastern science, an Indian gentleman of great 
engineering ability, was admitted as a Fellow of the Royal vSociety. 

The occasion is also made memorable by tlie presence of Professor 
Hill himself, the Secretary of the Ro\'al vSociet}", a idiysiologist of inter- 
national reinite, who has come to India to establish a closer touch between 
scientists in the United Kingdom and in India, with special reference to 
Indians jiroblems of post-w’ar development . vScience — knowdedge — should 
mean peace and in'ogress, but in these days of turmoil, even men of 
science have had to take a hand in the dealing of destruction ; and 
Professor Hill is closely connected with the war effort. That he has been 
allowed at our request to leave England and come to India at this time 
is a measure of the importance attached to the im])rovcment of the con- 
tacts betwx^en scientists in the United Kingdom and India. 

Nothing in m3’ career has fitted me to address so distinguished a 
gathering of scientists. I certainly have no .scientific qualifications to do 
so ; thougli I have an ancestral connection with the Royal Society, as 
Profes.sor Hill has told you. ]\iy great-grandfather and grandfather w^re 
both Fellows ; and I was lately iwivileged by the kindness of Professor 
Hill to see facsimiles of their signatures to the Obligation to which we 
have just listened. My great-grandfather w^as, I believe, (luite a dis- 
tinguished scientist w’ho discovered a mineral called Wavellite ; I mean 
he discovered it, and the famous chemist vSir Humphrey Davy called it 
Wavellite. I w’as aUvays a little dubious about my grandfather’s fellow’- 
shi]) ; he was a roving soldier of fortune who fought in India, in vS])ain 
during the Peninsular War, and for Chile and Mexico in their wars 
of liberation. He was a man of wude knowledge and experience, but 
I alwa3’s w’ondered hoTv he found time to acquire the deep scientific learn- 
ing associated today with fellowship of the Ro3’al vSociel3’. Professor Hill, 
when I enquired of him in London whether the records of the Society 
.showed in what particular branch .of .science my grandfather w'as so 
distinguished, broke it to me gently that in those far-off da3\s it some- 
times happened that members got their sons elected without any very 
special scientific qualification, other than a kindly presumption that they 
had inherited their parent’s scientific turn of mind. That expectation 
might have been fulfilled in my grandfather, who had an enquiring mind, 
some considerable knowledge of geology, and much literary ability, -bnt 
I am* afraid he transmitted to his sons and grandsons his rovin^gf and 
military genes rather than any .scientific ones. 
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Though I have never regretted that I had a classical education, I 
have always regretted that I had not at least a good grounding in science* ; 
and I have always had a profound admiration for men of science. *It is a 
little curious to mark the attitude of the bulk of ignorant unankind,. such 
as myself, towards men of science. In the earliest days of civilisation, 
tliey were revered as magicians and given ])ride of place and power, as in 
ancient Egypt. I think thej" have always continued to. hold a high 
place in the East ; but in the West at one period there was great suspicion 
of the man of science who was classed as a sorcerer, a wizard or a* warlock, 
had to practise in secret, and was liable to be burnt at the stake. Since 
those dark days the man ctf science has had a freer hand ; and our general 
complaint against him now might be that he has gone too fast for us ; 
aiK^ has poured out inventions quicker than we can assimilate them. A 
famous English poet wrote nearly loo years ago that : ‘‘Science moves, 
but slowly, slowly, creeping* on from point to point'’. Had he written 
now, I feel that his line w’ould have run more like this : “Science shoves 
on quickly, quickly, bustling us from i^ost to post”. There is much to 
be said for the old leisurely days and the old leisurely W’ays before the 
scientist began his assault on space and time. .Worse still, his inventions 
have sometimes got into wrong hands. A domineering bully like the 
Prussian should never have been entrusted with an aeroplane ; nor an 
ambitious barbarian like the Jap with a battleship. 

vStill there is nothing more unprofitable than to trv to turn bitek the 
wheels of time. We cannot trick the imp back into the bottle as did 
the sailor of the Arabian Nights. We must go on now^ and must enlist 
the helj) of the scientists to control the genii they have raised, and to 
bring order into this new w'orld for which they are so largely responsible. 
They liave ])Ut before us great possibilties to a wider, fuller, healthier, 
and more prosi)erous life, if w'c can use their gifts aright. 

India, one of the oldest civilisations, has perhaps felt the impact gf 
modern science later and less than any other great peoide. A large pro- 
portion of her ])Opulation still lives the old life untouched by the vast 
changes of this century. Her realm has been of the spirit rather than of 
the earth. It may be said of the West hereafter that we took too much 
from India materially and too little spiritually. 

But if India is to iday the part in the world to which her size, her 
population, her history and her position entitle her, she too must make 
every j)ossiblc use of scientific advancement. She has already produced 
many great scientists, she bears many more in her fertile womb. Her 
contributions to science have always been on the side of peace and pro- 
gress. She has everything to gain by combining modern science with her 
old culture, indeed her traditional outlook should enable her to make an 
increasingly fine and characteristic contribution to natural knowledge. 
Indian science has made in fact a very remarkable stride forward during 
the last 25 years, as is shown by the foundation of many new’ vsocieties, 
new^ journals and new departments of science in universities and under 
Government. 

In this war science has played a great role in India as elsewhere. 
It has made a splendid contribution to maintaining the health of ihb 
fighting men, through the activities of such bodies as the Malaria Institute, 
the Indian Research Fund Association, the Nutrition Laboratories at 
Coonoor, and others. It has also played an important part in munitions 
production and in solving problems of supply. As an ex-Coimnander-in- 
Chiitf, I should like to thank Indian science for the invaluable assistance 
it has^iven to the armies in the field. 
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It must play a great part also in post-war development. The coming 
years will be vital to India. She must learn to make use of her abundant 
resources with the aid of science. Science is the most international of 
all human intoi'ests. Professor Hill has himself said in an address else- 
where : .‘T believe that the pursuit of knowledge for the welfare of 
mankind is otic of the greatest agents for goodwill between men in every 
land.’' ^ It is. in that belief that he is herd today. 

This Session of the Indian Science Congress has a momentous task 
to x)erform : to discover how best to bring the aid of science to the develop- 
ment of India’s great resources in agriculture and industry, to the im- 
i:)rovement of health and to social advjtncemdnt and prosi)erity. This 
vScience Congress is a body of high repute* with a great and growing 
membership and influence. Gentlemen, I wish all success to your deli- 
berations. I declare the Congress to be open and ask Professor Bose to 
give his presidential address. 

The President, Profe.ssof S. N. Bose tlien delivered his address. 

At tlie close of the meeting Prof. S. K. Mitra, General Secretary of 
the Indian Science Congress^ Association i)roi)osed votes of thanks to 
H. E. the Viceroy and to the Reception Committee with the following 
speech : — 

We are extremely grateful to His Excellency the Viceroy for coming 
here tlys morning to oi^en the proceedings of the thirtyfir.sl ^ssion of the 
Indian Science Congress. It has been customary in all ages and in all 
countries for the royalty and the wealthier section of the community to be 
the patrons of arts, science and learning. It is therefore Init ])ro])er and 
natural that His Excellency, as representative of His Vlajesty the King 
I^mperor, should come here to inaugurate our Proceedings. We avouIcI, 
however, love to think that His Excellency is in our midst today, not as 
a matter of duty because he is the administrative head of the country — but 
bbcause he is a soldier and he thinks the scientists as his comrades-in-anns, 
who have hel])cd him an fighting the Axis i)owcrs abroad, and wlio will 
now help him in fighting within the country the Axis combination — 
Poverty, Ignorance and Disease. 1 would remind you that His liixcelleiicy 
had some time ago referred to the urgency of flghting and exter- 
minating this combination. On the eve of his departure from England, 
His Excellency said at the Pilgrims Luncheon : “It has always seemed to 
me a curious fact that money is forthcoming in any quantity for the war, 
but no nation has ever yet produced money on the same scale to fight the 
evils of peace — poverty, lack of education, unemployment and ill-lieaith. 
When we are prejiared to spend to this end, our money and our efl'orts 
as freely and with the same spirit as against Hitler, we shall really be 
making progress. In the country to which I go, these evils have to l;e 
met on possibly a greater scale than elsewhere.” In the name 
of the Indian vScience Congress Association, which is a representa- 
tive body of scientific ^vorkers in India, I can assure PI is P^xcellency, 
that the scientists of this country, are always eager to lend their 
fullest su[)port to his efforts in. fighting these evils. Ladies and 
Gentlemen, will you now kindly join me in very sincerely and heartily 
thanking our soldier and fighter Viceroy for his interest in the Indian 
vScience Congress and for the trouble he has taken, in spite of his multi- 
farious duties, to come here to open our proceedings. 


I^ublislied in Part II of the Proceedings. 
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Ladies and Gentlemen, I have another pleasant duty to perform, 
namely to propose vote of thanks to the University of Delhi and* to 
the Chairman and the members of the local Reception Committee. You 
are perhaps aware that this Session of the Science Congress was originally 
arranged to be held at Trivandrum under the auspices of the University 
of Travancore. Due to unforeseen difficulties, however, over which the 
authorities of Travancore had* no control and, in spite of their best efforts, 
it was found not possible to hold the session, there and the venue had to be 
abandoned. The Executive Committee of the Association, * therefore, 
approached the University of Delhi^ and the Vice-Chancellor, Sir Maurice 
Gwyer, very kindly agreed to arrange for the Session under the auspices 
of the University. We are very grateful indeed for the arrangements that 
have been made and that at such short notice. As one who has experi- 
ence of organising Science Congress Sessions more than once, I can 
appreciate the difficulties which the Local Committee had to face and 
overcome. But fortunately, they have at, the helm as Chairman, feir 
Maurice Gwyer and as Secretaries, Sir S. S. Bhatnagar and Dr. Kothari. 
With such a combination the Session is bound to be a success. In fact 
Ladies and Gentlemen, personally I had never had any doubt about the 
success of the Session because, from the very beginning 1 was fortunate 
enough to enlist the support of Sir Bhatnagar. I have never known a 
Bhatnagar enter] )rise to fail. 

May I now rcciuest you all to join me in thanking the Chairyian, the 
Treasurer, the Secretaries, the Assistant Secretaries and the other members 
of the Local Reception Committee on behalf of the Indian Science Congress 
Association. 


APPICNDIX-- Address by JA.-Gencral Sir Clarence Bird, K.C.I.K., C.B., D.S.O., 

IMastcr-Geiieral of tlie Ordnance in India. 

I greatly appreciate the opportunity of addressing yon on this important 
occasion and of giving you a brief outline of the work of the M. G. O. in its 
scientific aspects. 

First of all, may T explain that the M. G. O. is the Administrative Ofheer on 
the staff of II. K. the Commander-in-Chief responsible for providing the necessary 
weapons, technical equipment and clotiiing for the Army, and certain items for 
the Navy and Air Force. In parenthesis I may say that the existence of some 
doubt regarding my responsibilities is clear from the fact that I am frequently 
addressed as the. INIaster-General of the Ordinances ! 

Prior to the war, these resjxmsibilities included control of the then existing 
Ordnance Victories, but when the Supply Department was created the contn^l of 
these factories was transferred cn bJoc to the new department and thus provided 
it with a nucleus organisation on which to expand. 

I am therefore not responsible for production but I am responsible for the 
calculation of the necessary requirements, the preparation of specifications, and 
drawings if necessary, placing of demands on tlie Supply Department, inspection, 
storage and distribution. 

There are broadly two distinct aspects in the scientific work involved in the 
production of these requirements. 

I'irstly, there is the field of .scientific re.scarch covering new requirements and 
the scientific investigation connected with them. Such requirements are worlfed 
out aiKi formulated in general terms in their military aspect, and presented to the 
scientist with the request that he will get to work on them. In the past, this 
aspect has been covered almost entirely by the United Kingdom, the United 
States, and those Doni inions where industries of the highly scientific type were 
already established. This arrangeineut has satisfied the iiitlierto prevailing condi- 
tions, but in consequence, requirements in that fonn have seldom been put to 
Indifiin scientists and therefore the necessary meciumism has not been developed 
to any appreciable extent. 
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The second aspect oqvers the field of wscientific development of technique and 
itnproveinent of production standards, with which the M, G. O.’s Branch has 
hitherto been mainly concerned. A consistent, if unobtrusive, policy has* been 
followed of endeayourini^ to achieve improvement in these directions which has had 
a steady and increasing effect on the industrial economy of this country*. 

During the past four years we in India have had to deal with a succes.sion of 
technical difficulties as they* have arisen and the day-to-day application of scientific 
technique to existing and new industries has absoj-bed almost all our attention and 
energy. Scientific research of the kind to which I have already referred has, 
therefore, had to give place to thp pressing need for finding prompt pi od action of 
the stores and equipment of all kinds. 

Nevertheless, India can be proud of what has been accomplished in making 
the best of her resources in difficult circumstances. Apparatus, scientific, appliances 
and materials have been limited and to a considerable* extent she has been cut off 
from those international scientific contacts which mean so much, to the scientific 
worker. Nevertheless, noteworthy results have been achieved in the scientific 
adaptation of our main industries to production on a vast scale of many* new 
ty*pes of stores and equipment. ,, 

The Ordnance Services have contributed their quota to the developyirent of 
technique in Indian imiustrics . to their permanent benefit. This result would, 
however, have been impossible without the willing co-operation of industry, which 
I am glad to acknowledge, h'urtherniore, the contribution of the Ordnance, 
Services is largely due to those scientists and technologists wlio have been 
recruited from industry for the iliiration of the war. While Government control, 
with its official regulations and restriction is no doubt regarded at least with 
suspicion, we have, nevertheless, handed out in full measure valuable technical 
assistance to many concerns with every jirospect of a permanently good effect. In 
the textile industries, we have provided a stimulus ami, to a modest degree, 
technical .aid that should prove of lasting value. 

Ill our development of the silk parachute, we feel that we have made a real 
contribution to the future of the Indian silk industry. We have bclpctl the metal 
industries to develo]) stores which used to be imported and we hope th.at in 
assisting them in points of design and processing we may liave enabled some of 
them to establish themselves securely for the future. 

Trom small beginnings some years ago in very cramped quarters the organisa- 
tion dealing with this aspect of the activities of the M. G. O. lias now grown to 
large dimensions and is centred on the line technical laboratories estahlislied at 
Cayvnporc which were oi)ened in April last by II. I{. the X’iceroy when he was 
Commander-in-Chief. It functions under the general direction of the Controller- 
General of Inspection, Brigadier Woolfe and, until recintlv, ]Mr. C. (). 'i'attersall, 
who has now joined my personal staff as Scienlific .\dviser, was tlie Director of 
Laboratories and is now* in charge of Teclinieal Co-ordination. Both these officers 
are witli us to-day and 1 would express my indebtedness to them for all that 
they* have done. 

Sir Shanti Swamp Bliatnagar, as a member the G. H. G. vSupply Depart- 
ment Committee of which I am Chairinaii, is closely assexiated with our work and 
I take the opportunity of expressing to him my thanks and api>re('iation for bis 
valuable help and co-operation. 

We have now* reached a phase in the war where researcli and devclojinient 
are assuming greater importance. New pn'hlems are arising, new ideas are 
flowing in from other theatres of war as tlie result of experieneg, and with the 
development of India as a base for operations her scientific resources will be called 
on increasingly to deal with tbein. 

In that connection we welcome particularly the visit of Prof. Hill, whose wide 
experience and advice will be of incalculable value to us. 


9. RECORDS OF COMMITTEE MEETINGS 


Gknkk.m, COMMITIEIv 

A meeting of the Oneral Committee of the Indian fscience Congress Associa- 
tion wa.s held at 2-30 p.m. on Wednesday, January 5, 1944, in the t'niversity 
Building, Delhi, with Professor S. N. Bose, the IVesident, in the chair. The 
following items of business were transacted : 

(1) The minutes of the last meeting of {a) the General Committee hekV on 
January 4, 1943, and of (b) t]\e Special Meeting of the General Committee h|jld on 
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January 2, 1943, to discuss Science and its Social Relations with special reference 
to the work of the Sub-Committee on ‘vScience and its vSocial Relations* (both 
held in the University College of Science, Calcutta), were read and conhrnied- 

(2a) The General Secretary read a letter from the Minister of Education, 
Afghanistan, informing that a delegation of three members of the Faculty of 
Medicine, Kabul, has been sent to the Session, and he informed that on behalf of 
the Association he had accorded* them a warm welcome. 

Note: The delegation with the letter reached txx) late for announcement on 
{he opening day. 

{2b) The General Secretary read a telegraidiic message of goodwill from Tata 
Chemicals Eimited. 

(3) The ITesident annoiviced Uic names of seven mem])ers elected to the 
Executive Committee under Rule IG, and of seven members elected to the Council 
under Rule 20, for the year 1944-45 : 


Executive Cowmittee.* 

1. I’rof. vS. 1*. Agharkar, Calcutta. 

2. Prof. H. Chaudhuri, Lahore. 

3. Mr. J. J. Ghandy, Jamshedpur. 

4. Dr. John B. Grant, Calcutta. 

5. Prof. B. C. Gnha, Calcutta. 

6. Prof. P. C. IMitter, Calcutta. 

7. Mr. W. J). West, Calcutta. 


Council. 

1. Sir Cyril vS. F'ox, Calcutta. 

2. Dr. -t. C. Jo.shi, Benares. 

3. Prof. H. K. Mookerjee, Calcutta. 

4. Dr. B. IMukerji, Calcutta. 

5. Dr. B. Narayana, Patna. 

6. Dr. Mata Prasad, Boml>ay. 

7. Mr. L. Rama Rao, Bangalore. 


(4) The President announced that the Thirty-second Meeting of the Indian 

vScience Congress would be held at Nagpur under the auspices of the University of 
Nagpur from January 2 to January 8, 1945. • 

(5) The noiniiiation by the Executive Committee of Sir Shanti vSwarup Bhatnagar, 
O.B.TL, D.vSe., ILR.vS., F.Inst.P., F.vS.C.l. (lion.), T'.N.l., Director of Scientific and 
Industrial Research, Government of India, as General ITesident for- the year 1945, 
was confirmed. 

(6) The nomination by the Executive Committee and the Council of Professor A. 
V. Hill, F.R.vS., M.P., vSecretary, Royal vSociet}' of London, as Honorary Member 
of the Association, was confirmed. 

(7) The appointment by the Executive Committee of Professor AI. Qiireshi, 
Ph.D,, F'.N.I., Head of the Deparment of Chemistry, Osmania University, liyderalxKl- 
Deccan, as General vSecretary, was confirmed. 

(8) The President announced the names of the vSectional Presidents and 
Recorders of the Thirty-second Meeting as follows : 


Section. 

1. Mathematics and 
Slaiistics. 

2. Physics 


3. Chemistry 


4. (ieotoi^y and GeO' 
graphy. 


5. Botany 


6. Zoolojiy and Ento- 
mology. 

1. %ni h ropol ogy an d 

Archaeology 


President. 

. Dr. B. N. Prasad, Depart- 
ment of Mathematics, 
A 1 1 ahaba d U ni ver si ty . 

Dr. R. C. IMajumdar, Re- 
search Physicist, Bose 
Rsearch Institute, Cal- 
cutta. 

Prof. K. Venkataraman, 
Modv Professor and Dir- 
ector of the Department 
of Chemical Techriology, 
Bombay LTniversily. 

Mr. N. N. Chatterjee, Lec- 
turer in Geology, Calcutta 
University. ^ 

Prof. G. P. Majumdar, Pro- 
fessor of Botany, Presi- 
dency College, Calcutta. 

Dr. H. N. Ray, Protozoo- 
logist, Imperial Institute 
of Veterinary .Research, 
Mukteswar-Kumaun. 

vSir Theodore Tasker, Super- 
viser, I.C.S. Camp, Dehra 
Pun. 


Recorder. 

Prof. K. B. JMadhava, Pro- 
fessor of Mathematical 
ICconomics and Statistics, 
Mysore University. 

Dr. R. M. Chaudhri, Chair- 
man, Department of Phy- 
sics, Muslim University, 
Aligarh. 

Dr. vS. vSiddifjui, .Assistant 
Director of Research, 
B.S.I.R., Delhi. 


Air. L. S. Krishna Murthy, 
Petrologist, Geological 
Survey Department, Hy- 
derabad (Deccan). 

Dr. T. S. Mahabale, DepaA- 
ment of Biology, Gujarat 
College, Ahmedabad. 

Mr. AI. Rahimullaii, Depart- 
ment of Fisheries, H. E. 
H. the Nizam's Govern- 
ment, Hyderabad (Deccan) 
Dr. A. Aiyappan, Offg. vSup- 
erintendent, Government 
Museunf, Aladras. 
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Section. 


Thirty-first Indian Science Congress, 

President. 


Recorder. 


8. Medical and f.V/rr/- Prof. S. W. Hardikar, Pro- 
nary Sciences. fessor of Pharmacology, 

Osinania INfedical College, 
Hyderabad (Deccan). 


Prof. N. V. Joshi, Plono- 
rary Professor of Micro- 
biology and Biochemistry, 
I'ergusson College, Pponn. 
Dr. B. IVIukerji, ‘ offg, Dir- 
ector, Biochemical Stand- 
ardi/ation I/alK)ratory, 
Government of India, Cal- 
cutta. 

11, Psychology Edu- I\Ir. B. Kuppuswamy, Lec- 

• caiioual Science. turer in Psychology, My- 

sore t'niversity. 

12. Engineeritig and Prof. II. P. Philpot, Profes- 

Metallurgy. .sor of Engineering and 

Principal, Plngineering 
College, Benares. 


9. Agricultural 
Sciences. 

10. Physiology 


Dr. K. C. Sen, Officer-in- 
Charge, Animal Nutrition 
Section, Imperial Veteri- 
nary Research Institute, 
I /.a in agar. 

Dr. P. V. vSukhatme, Statis- 
tician, Imperial Council 
of Agricultural Research, 
New Delhi. 

Dr. Khemsingh Grewal, 
Professor of Pharmaco- 
logy, King P'dward Medi- 
cal College, Lahore. 

Dr. Indra Sen, Lecturer in 
Psychology and Philoso- 
phy, Hindu College, Delhi. 

Mr. B. R. Kagal, Land and 
Development Ofheer, New 
Delhi. 


(9) The following were elected Members of the Sectional Committees for the 
year 1944-45 : 


Mathciiiatics and Statistics .. 


Physics 


Chemistry 


Geology and Ccogtaphy 


Botany 


Zoology and Entomology .. 

Anthropology and Archaeo- 
logy. 

Medical and Veterinary 
Sciences. 


Agriculhiral Sciences 


Physiology 


1, Mr. V C Auluck, Lecturer in ^Mathematics, Delhi 

University. 

2. Mr. V. V. N\arlikar, Head of the I)e])artment of 

Mathematics, Benares Himlu University. 

1. Dr. A. K. Dutta, Lecturer in I’hysus, Delhi 

University. 

2. Dr. D. V. Gogate, Professor of Physics, Baroda 

College. 

1. IMr. M. O. Doja, Pn)fessor of Organic' Chemistry, 

Science College, Patna. 

2. Dr. S. K. Majumdar, Professor of Chemistry, 

Presidency College, Calcutta, 

1. Dr. Ka/i S Ahmad, Department of Geography, 

Muslim University, .\ligarh. 

2. Mr. W. B. Metre, (R'olpgist, Burmah Oil Com- 

pany, Digboi, Assam. 

1. Dr. B. K. Kar, Plant I’hysiologist, Bose Kesearth 

Institute, Calcutta. 

2. Dr. B. P. Pal, Imperial Economic Botanist, 

Imi)erial Agricultural Research Institute, New 
Delhi. 

1. Dr. Hamid Khan, Game Warden, Punjab, Lahore. 

2. Dr. J. Dayal, Lecturer in Zoology, Lucknow Uni- 

versitv. 

1. Mr. X. Chaudhuri, Government Translator, Cal- 

cutta. 

2. Mr. D. Sen, Profes.sor of Geography, Vidyasagar 

College, Calcutta. 

1. Mr. S. K. Basu, Lecturer in Anatomy, Carmichael 

IMedical College, Calcutta. 

2. Dr. B. Mukerji, Offg. Director, Biochemical Stan- 

dardi/ation Laboratory, Government of India, 
Calcutta. 

1. Dr. S. P. Raychaudhuri, Chemical Laboratory, 

Dacca University. 

2. Dr. T. S. Salmis, Principal, Cawnpore Agricul- 

tural College. 

1. Dr. B. Ahmad, Professor of Organic Chemistry, 
University of the Pan jab, Lahore. ’ 

r2. Dr. K. Biswas, Superintendent, Royal Jlotanic 
Garden, Howrah. 
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Psychology and Educational 
Science. 


Engineering and Metallurgy 


1. Mr. A. N. Basu, Head of the Teachers’ Training 

Department, Calcutta University. 

2. Mr. T. K. N. Menon, Principal, Secondary 

Teachers’ Training Collegf;, Baroda. 

1. Mr. N. N. Sen, Professor of ‘Chemistry, Bengal 

Engineering College, Howrah. 

2. Dr. S. K. Sircar, Chemical Engineer, Kusunda, 
• Manbhum District. 


(10) The Audited Statement of Receipts and Payments for the ^year ending 
30th November, 1943 * was adopted. 

(11) The Budget Estimates fol* the. year 1st December, 1943 to 30th November, 

1944 were approved. * . 

Note : Extracts from the minutes of the meeting of the 1‘inance Committee 
relating to the above two items were circulated at the meeting for 
information of the members. 

(12) The following votes oi thanks w'ere unanimously adopted : 

(a) To His P'xcellency the Viceroy for consenting to be the Patron of^the 

Association for 1944 Session at Delhi and for opening the Session, 
proposed by the President. 

(b) To the Vice-Chancellor and the University of Delhi, proposed by I’rofessor 

S. K. Mitra. 

{c) To the Local Reception Committee, proposed by the President. 

{d) To the Local Secretaries, proposeil by Professor S. K. Mitra. 

(e) To the Treasurer of the Local Recei>tion Committee, proposed by Professor 
J N. Mukherjee. 

(/) To the \"olunteers, proposed by Profes.sor S. K. Mitra. 

ig) To the President, proposed by Profe.ssor J. N. Mukherjee. . 

ih) To the vSectional Presidents, proposed by Professor S. K. Mitra. 

(i) To the General Secretaries, proposed by Professor P. C. Mitter. 

(/) To the Treasurer, proposed b}^ Professor P. C. Mitter. 


2. COUNXII, 

.\ meeting of the Council w^as held at 2-30 p.m. on Monday, January 3, 1944, 
in the University Building, Delhi, with Profe.ssor S. N. Bose, in the chair. The 
following items of business wxre transacted : 

1. The minutes of the meeting of the Council held on January 2, 1943 at 
Calcutta, were read and conllrmed. 

2. In accordance with Rule 8 the recommendation of the Executive Committee 
that I’rofessor A. V. Plill be elected a Honorary Member of the Association w'as 
approved . 

3. Considered the proposals for the establishment of the National Re.search 
Council framed by the National Institute of Sciences of India. (Copy of the proposal 
circulated to the members of the Council.) 

Resolved that the proposals be generally approved. 

4. Read a letter from the Minister of P'ducation intimating the sending of a 
delegation consisting of three members from the Faculty of Medicine, Kabul, to the 
Indian Science Congress. 

Note: The delegation with the letter could not meet the General Secretary 
before the Opening Ceremony of the Session. 

Re.solved that a letter be sent to the Minister of Education, Afghanistan, 
conveying sincere thanks for his co-operation and hoping that such delegations 
would bring the men of science of tw’o countries nearer and to their mutual benefit. 

Resolved further that the matter be reported to the General Committee. 


3. Executive Committee 

Nine Meetings of the Executive Comninittee w(*re held during the year 1943-44. 
The following are the important items of business transacted. (Only abstracts of the 
resolutions are given. Routine matters and business reported elsewdiere in these 
pages are not included.) 

• 1. Rai Baliadur Dr. S. L. Hora was nominated member of the Finance Coup 
mitte|!. (22-2-43), 

4 
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2. Messrs. Tata Troir K’ vStetl Co., Ltd. were elected the first Benefactor of 

the' Association under the new rule for their nmiiificent donation of Rs. v5,000 to the 
Association . (22-2-43) . 

3. The death V)f ISIr. John van Manen who was Managing Secretary of the 
ASwSociation for a long time was mourned. (20-4-43). 

4. Dr..M. S. Krishnan was nominated as an Additional Member of the Council 

of the National Institute of Sciences of India for the year 1943. (20-4-43). 

5. In regard to the resolutions adopted l)y the different Sections at the' 30th 
Sessions of the Congress at Calcutta (sec pages 32-34 of Part I of the Proceedings of 
the 30th Indian Science Congress), the following actions were taken. (20-4-4v3). 

Section of Anthropology and Archaeology — ' . a 

Copies of the resolutions Nos. 1 and (2) were forwarded to the Kducational 
Adviser to the (Tovernment of India and a copy of the resolution No. 3 was for- 
warded to the Secretary, Royal Asiatic vSociety of Bengal, Calcutta. 

Sections of Medical and I’eterinajy Sciences. Zoology and Entomology, Botany any 
^Chemistry — 

A copy of the resolution wa^ forwarded to the Secretary, Imperial Council of 
Agricultural Research. 

Sections of (h'ology and (Geography, Botany, A gricnliuial Sciences and }Cngi)teering 
and Metallurgy- 

A copy of the full resolution adopted jinntly by the above Sections was for- 
w’arded to the vSecretarv, Department of Kducation, Health and lyand, Ch)vernment 
of India, and a copy of jiart (b) of the resolution was forwarded to the vSecretary, 
Imperial Council of Agricultural Research. 

6. Invitations were extended to the following Scientific Bodies rectuesting their 
representation at the Session of the Science Congress. (20-4-43). 

(1) British Association for the .Advancement of Science, London. 

(2) .American Association for the Advancement of Science, Washington. 

(3) Pacific Science Association, California {V. S. A.). 

(4) Canadian .Association for the Advancement of vScience, Ottawa. 

(5) vSouth .African Association for the Advancement of Science, Johannesburg. 

(6) Australian .Association for tlie Advancement of vScience, vSydnev. 

(7) Academia Sinica, Chungking, China. 

7. Profes.sor vS. N. Bose was iKuninated as an Adrlitional \'i('c-]’residenl of the 

, Council of the National Institute of vSciences of India for the year 1943. (24-5-43). 

8. As an emergency measure the following forms and ciri'ulars were sus])cnded 
and instead a memorandum slip was attached to the Blue Book (Lists of Officers 
and Members) : (24-5-3) 

(1) Bonn for submitting Pajiers. 

(2) Circular inviting nominations for the Pyxccutive Committee ami the A'ouncil, 

(3) Circular inviting nominations for Sectional Officers from the meml»crs 

of the vSectional Coinmittees. 

9. The measure of the printed matter within a page of the Proceedings was 
increased in order to effect saving in paper. (31-8-43). 

10. The synopses of the lectures to be delivered by Dr. Motwani were g<*neral4>’ 
approved and it was pointed out that in every lecture Dr. Motwani should make 
it clear that the views expressed by him were his own views and that the Indian 
Science Congress Association did not accept any responsibility for the o])inion 
expressed {vide Item No. 5, page 32 of Part I of the Proceedings of tlie v30th 
Session of the Science Congress). (20-12-43). 

11. Professor vS. N. Bose and Professor M. Qureshi were nominated an Addi- 

tional Vice-President and an Additional Member respectively of the Council of the 
National Institute of vScicnces of India Un the year 1944. (2-1-44). 

I 


4. vSUB-COMMITTEIy ON SCIENCE AND ILS SOCIAI RKEATIONS 

The vSub-Comniittee on ‘Science and its Social Relations’ met during the session 
on January 3, 1944, at 2-30 p.m. in the Hall of the Delhi University. Prof. 8. N. Bose 
w’as in the chair. The following items of business were transacted : 

1, Minutes of the meeting held on December 8, 1943, at Calcutta were con- 
firmed. * 
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2. Mr. A. N. Basu presented the annual report as circulated and it .was 
confirmed (report printed below). 

3. Dr. K. Motwani submitted the following statement of accounts which was 
passed. It was further resolved that the thanks of the Sub-Conifnittee be conveyed 

to Dr. J. B. Grant for undertaking all office expenses in connection wdth the work 
of the Sub-Committee.— StativMENT of Accounts. 

Payments 

RS. A. P. 

Miscellaneous ... 3 9 0 

Balance with the 
Secretary ... 136 0 0 

139 9 0 139 9 0 


Receipts * • 

Rs. A. p. 

Previous balance with the ^ecrelarj' •... 89 9 0 

Grant from the Executive Committee ... 50 0 0 


It was also resolved that from next year funds of the Sub-Committee .should 
be with the Convener and that he should operate the accounts. 


The Sub-C'ommittee recommended the following names for constituting the 
for the next year : 


4. 

Sub-Committee 

Dr. J. B. Grant 
Prof. S N. Bose 
Pandit Jawaharlal Nehru 
Prof. S. K. Mitra 
Prof. M. Qureshi 
Prof. M. N. Saha 
Prof. B. C. Guha 
Dr. S. C. Mitra 
Dr. (lilbert Fowler 

Dr. J. B. Grant wall be the Convener 
Secretaries. 


Dr. C. N. A chary a 

Dr. Kewal Alotwani 

Dr. Zakir Flossain 

Dr. I). M. vSen 

Dr. K. C. K. E. Raja 

Mr. A. C. T’kil 

Prof. Benoy Kumar Sarkar 

Mr. A. N. Basu 

and Dr. K. ’\Iotwani and Mr. A. N. Basu 


Annual Report of the Sub-Committee 


During the year under review the per.sonnel of the Committee (as constituted 
at the Calcutta Session in 1943) has been as follows : 


Dr. John B. Grant 
Mr. D. N. Wadia 
Pandit Jawaharlal Nehru 
Prof. S. K. Mitra 
Prof. P. Parija 
Prof. M. N. vSaha 
Prof. B. C. Guha 
Dr. vS. C. Mitra 


ITof. D. D. Kanga 

Dr. Gilbert F'owder 

Dr. C. K. A chary a 

Dr. Kewal Motwani 

Mr. A. N. Basu 

Mr. A. C. Ukil 

Prof. Benoy Kumar Sarkar 


Dr. J. B. Grant has been the Convener of tlie Sub-Committee with Dr. K. 
Motwani as the Secretary and Mr. A. N. Basu as the Joint Secretary. 

2. During the year the Sub-Committee held six meetings. 

3. One of the first questions, on which the Sub-Committee w^as asked to give 

its opinion related to the proposal for the establishment of a National Academy 

of Social Sciences moved by Dr. Motwani. After giving careful consideration to the 
Iiroposal the Sub-Committee expressed the opinion that the initiative for startHug 
such an Academy should be primarily left to workers in the field of social 
sciences in India. 

4. The Sub-Committee also considered and recommended to the Executive 

Committee the acceptance of the offer of Seth Kewalram Chellarani of Rs. 2,000/- 
for .appointing Dr. Kewal Motwani a.s a special lecturer under the auspices of the 
Inclian Science Congress Association to deliver a course of three lectures at 
different Indian universities as suggested by the ^donor. Dr. Motwani tvas re- 
quested to submit a synopsis of his proposed lectures whkh he did. Certain 
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modifications of this synopsis were suggested and Dr. Motwani has revised his 
synopsis which has now been circulated to the members of the Executive Com- 
mittee for approval.* 

5. The Sub-Committee further considered the ways and means for implement- 
ing the purpose for which it was established and adopted the following resolution 
to which it. begs to draw the attention of all those who are interested in the problem 
of the existing lag between the stage of ev^olutfon of our social order and its 
material environment : , , 

“In order to meet the probleins arising out of the increasing impact of science 
on society, to have ^n integrated approach to the problems of social life and to 
co-ordinate the various social sciences, the .Universities in India and the Depart- 
ments of Public Instruction be requested to stimulate and foster a co-ordinated 
study and research along the following lines : 

(i) To emphasise the social and international relations of science and of new 
discoveries and inventions in the curricula of the Faculties of Social Sciences in 
India and to bring about a closer co-ordination between the present branches of 
the . social sciences now being studied. 

(it) To explore the avenues through which the contributions of science may 
be adapted to the life and welfare of the individual and the nation, without allowing 
any anti-social applications of science. 

(Hi) To investigate into the causes of the lag between science and its social 
applications and to offer proposals to assist in its solution. 

(iv) To integrate the following subjects in the curriculum of the Intermediate 
and Graduate courses at the Universities : 

(a) Physical science, including astronomy, with emphasis on the order in 
which the several facts have become known. 

(h) Biological and geological science : the elements of plant and animal evolu- 
tion, development and function. 

(c) History of scientific discoveries, technology, inventions and their impact 

on Society. 

(d) The social sciences, including sociology, anthropology, economics, psycho- 

• , ioRy, with the elements of moral and political philosophy. 

(v) To give increasing soci^^l and scientific bias in primary and secondary 

education. 

(vi) To organise adult education with a .social and scientific bias. 

6. The Sub-Committee drafted a request to the Chairman of the Central Advi- 
sory Board of Education for including the following item in their agenda for one 
of their meetings : “Science and Citizen.ship in the educational system wdih 
special reference to the primary' and secondary stages and the ways and means to 
undertake necessary corrective measures.’' 

In response to the above suggestion the vSecretary of the Board requested the 
Indian Science Congress to submit a concrete scheme for adoption in schools in 
India. In compliance with this, the following tentative scheme, prepared by 

Mr. Basu, was forwarded through the Executive Committee : 

^'Science is taught in most secondary vSchools. In the primary stage it generally 
takes the form of elementary biology and nature study. The courses prescribed 
are mostly theoretical in character, tlie curriculum being, generally speaking, built 
around scientific principles rather than around some forms of application of science 
to everyday life. Hence it is necessary to revise the curriculuni and correlate it 
with life. 

Hygiene also finds a place in the .school curriculum both in the secondary and 
the primary stages. The treatment of this subject too suffers from similar defects, 
i.e., it is mainly theoretical, providing not much scope for the practical application 

of the principles taught with the help of books to the problems of everday life. 

Generally speaking not much Civics is taught in the school grades. Wliatever 
little is taught is taught theoretically. The present system does not provide much 
scope for the practice of principles of good ’citizenship except within the bounds of 
the ^schools and there too in a limited manner. There is very little opportunity for 
a school student to offer community service. 

(a) The syllabuses in these subjects should be revised. 

(b) They should be more practical in outlook providing for practical activities 

on a community basis. 


Vide Item 10 pf the record of the mee^tings of the Executive Committee. 
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(c) The curricular work in these subjects should be supplemented by ^ 
programme of co-ordinated activities on a community ba“sis aiming at 
developing a scientific civic outlook. f 

The actual revision of the syllabuses will have to be left to the different 
provincial departments of Public Instruction, "i'he details cannot be laid down by 
the Committee. In connection with the above, however, attention may be drawn 
to the syllabus prescribed in the A^ardha Scheme for Basic Education and also the 
sylkibiis adopted recently by the Calcutta CorX)oration for its primary schools.” 

7. Some of the members had an opportunity of discussing the programme of 
work of the Committee with Mr. John Sargent, the Educational Adviser to the 
Government of India, when he visited Calcutta towards the end of April, 1943. 
Mr. Sargent expressed himsetf in general agreement with the views of the Sub- 
Committee. 

8. The Sub-Committee decided to hold a general syiii^osimrf at the next 
Session of the Science Congress and “The pla'^e of Science in the Indian IMucational 
System” was chosen as the topic^ IMr. Sargent agreed to preside over the sympo- 
sium and Mr. A. N. Basu was asked to open it with a general review of the present 
situation and suggestions for* necessary corrective measures. 


RESOLUTIONS ADOPTED BY SECTIONS 


Section of Mathematics and Statistics 

Separate Sections be established for Mathematics and vStatistics with effect from 
1946. • 


Section of Anthropology and Archaeology 

{a) This meeting records its great appreciatiqn of the services rendered to the 
sciences of Archaeology, Ethnology and Anthropology by Sir Aurel vStein, Dr. E. 
Mackay and Sir Denison Ross ai/d deeplv mourns their demise during the vear 
1942-43. ' • 

This resolution be conveyed together with a message of condolence to their 
respective families. 


(b) A Sub-Committee with the following members . of the Section of Anthropo- 
logy and Archaeology be formed to contact the Museum Association organised bv' 
the Benares Session of the Oriental Conference so that a meeting of tlie Association 
can be held at the next vSession of the Science Congress as.sociating all AIuseuiiT 
workers interested in the vari(jus arts and sciences. This vSub-Coiiiniiltee is to 
report to the authorities of the vScience Congress in time, about the possibilities of 
holding a meeting and including it in the programme of the next Science Congress. 

Members : Mr. P. E. P. Deraiiiyagala, Colombo. 

Mr. J. K. Bose, Calcutta. 

Dr. A. Aiyappan, Madras. 

(f) This meeting considers it essential for the promotion of anthropoligical and 
ethnographical studies that there should be founded an Indian Institute of Vnthro- 
pology which should co-ordinate on an all-India basis not onlv the studies but 
should also constitute a central exchange office of duplicate specimens in ethno- 
graphy in the various museums of India, and promote the publication of scientific 
studies relating to these branches of science. 


A small Sub-Committee of the following two members be appointed for the 
purpose of laying the basis of such an institution and to report at- the next 
v.ession of the Science Congress, after consultation and correspondence with whom- 
ever they think it is useful to consult. 

. Dr. C. D. Fabre, Lahore. 

. Mr. J. K. Bose, Calcutta, 

^ Committee of civil and military authorities be formed w'ith a view to. 
obtaining for the national collections or to pre.serving in situ, the palaeontological, 
prehistoric and archaeological materials brought to light bv the extensive digging 
operations undertaken by or for the Fighting Services. “ 

The resolution be forwarded formally to proper authorities with a request to 
constitute the Committee, ^ 


• •• Section of Physiology 

The Executive Coiiiinittce of the Indian Science Congress be asked to appoint 
a. small alid representative Committee to consider the pre'sent statu.s.of physiology in 
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India and to report on the same. Phis report is to be forwarded, among others^ 
to tlie.Jnter-lTniversity Board and Education Department of Government of India. 


The Physiology Section suggested 
the Executive Committee : 


1. 

Col. 

S. 

Iv. Bhatia. 

2. 

Dr. 

B. 

B. Sarkar. 

3. 

Dr. 

S. 

N. Mathur. 

4. 

Dr. 

vS. 

A. Rahman 

5. 

Mr. 

G 

. K . Gho.sh . 

6 . 

Dr. 

\V. 

Burridge . 

7. 

Dr. 

B. 

Naravana. 

8. 

Mr. 

N. 

M. Basil. 

9. 

Dr. 

N. 

K. Basu. 


the following names for consideration of 


10. Dr. A. L. Mudaliyar. 

11. Mr. M. Damodaran. 

12. Dr. B. Ahmad. 

13. Dr. B. Mukerji. 

*14. Dr. Krishna. 

*15. , Dr. Tilung. 

*16., Col. #\nand. 

^M7. Dr, Mundie. 

*18. Dr. Panikar. 

*19. Prof. Ghosh. 


( 

Section oj Psychology and Educational Science 

(a) The Executive ComuhUee of the Science C(>ngress Association set up a 
Committee to co-operate with the Selection Per.sonnel Directorate of the Army with 
a view to applying to educational system generally, the results now being (thtained 
by the Directorate in course of psychological testing of military personnel. 

A Committee w’as suggested composed of the following five members with 
powers to co-opt not more than three other members : 

1. Mr. PI. P. Maiti. 4. Dr. (Miss) H. K. Cama. 

2. Dr. D. iSr. vSen. 5. Mr. Pars Ram. 

^3, INIr. B. Kuppusawniy. 

{b) The S-ection places on record its jirotest that the recommendation of the 
Sectional Committee in the matter of appointment of vSectional Recorder for 1945 has 
been ignored by the IPxecutiv’c Committee. 


Sections of Kngincerin,^ and M€lalln}\f^y and Clicniistry at a Joint Mccliny 

This joint meeting of the Sections of Phigineering and Metallurgy and of 
Chemistry recommend that in view of the vital importance of the bdectro-chemical 
Indu.stries an Institute for Klectro-chemical and lileilro-thernial Research be 
established. 


10. RULES AND REGULATIONS. 


RUIvRS. 


1. The name of the Association shall be* the Indian vScience Congress Association, 
and its objects shall be the advancement of Science in India by the annual holding 
of a Congress and the doing of all such things as are incidental or conducive to the 
above object, including — 

(a) the holding and management of funds and property ; 

{h) the acquisition of rights and privileges necessary or convenient for the 
object of the Association ; 

{c) the management, development, improvement, dispo.sal and .sale of all apd 
any parts of the property of the Association. 

* 2. The Association .shall consist of Ordinary Memliers, Sustaining Members, 

Benefactors, Honorary Members and vSessioii Members. 

3. Ordinary Members of the Association shall have the right to contribute 
papers for reading at the Session of the Congress, to receive free of charge all 
publications issued by the Association, and to fill any office in the Association on 
being duly elected thereto. 


^ Initials not known aijd their names and addresses could not be t^raced in 
members’ list. • 
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4 The annual subjscription of Ordinary Members shairb^ Rs, 12. The subs-, 
cription shall become due on the Isl February of each year and shall only be 
effective as a payment for Ordinary Membership subscription if received before the 

15th July of the year. , r .('us, i 

5. Any Ordinary Member may compound for the payment of all future annual 

subscriptions bv the payment in a single sum of Rs. 150. 

6. Any Ordinary Member agreeing to pay one additional subscription (Rs. 12) 
during his period of membership sfiall be called Sustaining Member. 

7 . Any person yiaying a lump sum of Rs. 500 or more or any institution paying 
a- lump sum of Rs. 1,000 or more .shall be a Benefactor of the Association, subject 
to the approval of the Executive Committee. Benefactors shall have all rights and 
yirivileges of Ordinary Members during their lifetime. 

An institutional Jlenefactoi* shall. liave the right to nominate one person as 
Ordinary Member of the Association. 

8. Honorary Members shall have all the rights and privileges of Ordinary 
IMenibers. 

Honorary Members, the number of whom shall be limited to fifteen at any one 
time, shall be persons eminent for their contributions to vScience or persons who 
have rendered conspicuous services to the cause of ^cience in India. 

Honorary' Members shall be unanimousbv nominated by the Executive Com- 
mittee subject to confirmatimi by the Council and the General Committee at its 
annual meeting. Not more than one Honorary Member shall be elected in any year. 

9. There shall be three classes of vSessum Members : — 

{a) Full Session Members -subscri])tion Rs. 12 per Session. 

(b) As.six'iate Session Members — subscriTition Rs. 5 per Session. 

(c) vStudenl vSession IMembers — subscription Rs. 2 per vSession. 

10. rhill Session Members shall have the right to contribute papers for reading 
at the vSession of the Congress, and to receive free of charge all publication.s, issued 
by the Association relating to the Session of the Congress of which they are 
Members. 

Associate and vStudent vSession Members shall have the right to submit papers 
for reading at the vSession of the Congress of which they are Members, provided 
such papers be communicated through an Ordinary or an Honorary Member of 
t h e A s soc i at i on , 

A vStudent Member shall before admission be duly certified by the head of his 
Institution to be a bona fide student. 

Associate and vStudent Session Members shall receive free of cost the Abstracts, 
of Papers contributed for the vSession of which they are members^i 

11. 'rhe official year of the Association shall commence irom the 1st of 
b'cbruary. 

12. There shall be Officers of the Association consisting of the IMembers of 
the P^'ecutive Committee and Presidents and Recorders of vSections. 

13. (July Ordinary and Honorary Members shall hold office in the Association. 

14. The term of oflice of all Ciheers of the Association except the President 
shall cornmence from the beginning of the official y'ear and shall extend until the 
assumption of office by their successors, appointed in accordance with the provisions 
of these Rules. The President shall assume office on the opening day of the 
Annwal Congress following the one at which he is appointed, and shall continue to 
hold office until the assumption of office by his successor. 

15. There shall be an Executive Committee which shall carry on the adminis- 
trative work of the Association and submit such questions as it thinks desirable 
U) a General Committee at its Annual Meeting during the vSession of the Congress 
or at a Special Meeting of which due notice shall have been giv'cn. 

^ 16. Ihe Executive Cotnmittee shall consist of the President, the President- 

elect for the following year, the two General Secretaries, the Treasurer .and sev^en 
Members, Ordinary' or Honorary^ elected by the General Committee. For the 
purpose of this election any Ordinary or Honorary' Member niay propose the name 
of an Ordinary or an Honorary Member for election to the Executive Committee. 
Such proposal must be seconded by another Ordinary or Honorary Member and 
must reach the General Secretary before * the 15th September. The Executive 
Committee shall circulate the names, together wdth such other names, not* 
exceeding three, as it may suggest, to all Ordinary and Honorary IMenibers for 
election by ballot. The ballot papers wall jbe scrutinized by the President or his 
nominee and the General Secretaries, and the results of the ballot will be announced 
at the meeting of the General Committee. 

The Executive Committee shall co-opt as Members at least one and not more 
than tii^o Local vSecretaries for the ensuing Session of the Congress. 

IT. The Executive Committee shall have full power to transact all busines;^ in 
cases of ^emergency, notwitlrstanding any limitations hereinafter laid down, and 
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to deal with all mattefvS not otherwise provided for in these RulewS» including the 
ihaking of such Regulations as may appear conducive to the good administration 
of the*. Association and the attainment of its object ; provided always that such 
Regulations be uot inconsistent with anything contained in these Rules, that they 
be reported for’ the information of the next meeting of the General Committee, 
and that they be subject to rcwscission or alteration by the Executive Committee 
or by any meeting of the General Committee. 

18. There shall be a Generar Committee which shall consist of all Ordinary 
and Plohorary Members ot the Association. 

19. The General Committee shall meet at least once during each Session of 
the Congress, preferably, in the middle of the vSession. 

20. There shall be a Council whicli shall consist of all Members of the 
Executive Committee, and all such Ordinary and Hohorary Members of the Associa- 
tion as have held office as President, General Secrctatry, ^J'reasurer, or Managing 
Secretary of the Association, the Sectional Presidents for the ensuing Session, and 
in addition seven Members of the Association, Ordinary or Honorary, elected by 
the General Committee. I'or the purpose of this plection any Ordinary or Honorary 
Member may propose the name of an Ordinary or an Honorary Member for election 
to the Council. Such proposal .must be seconded by another Ordinary or Honorary 
Member and must reach the (General Secretary’ before the 15th September. The 
P'xecutive Committee shall circulate llie.se names, together with such other names, 
not exceeding three, as it may suggest, to all Ordinary and Honorary Members for 
election by ballot. The ballot papers will be .scrutinized by the President or his 
nominee and the General Secretaries, and the results of the ballot will be announced 
at the meeting of the General Committee. • 

21. The function of the Council shall be to act a.s a f)ody of advisers to be 
consulted by the Executive Committee on important questions of policy or scientific 
import. 

22. 'J'luTe shall be a Pre.sident who shall be nominated l)y the P'xecutive 

Committee and whose nomination shall be submitted to the General Committee 
at its Annual Meeting during the Session of the Congrc.ss for confirmation. 

23. Tiiere .shall be two General vSecrelaries (one of whom shall be resident in 
Calcutta) who shall be nominated by the h'xecutive Committee and whose nomina- 
tion shall l)e submitted to the General Committee at its iVnnual ^Meeting during the 
Session of the Congress for confirmation. 

24. There shaH be a rreasurer who shall be nominated by the Executive* 

Committee and whose nomination shall be submitted for confirmation to the General 
Committee at its Annual Meeting during the vSession of the Congress. 

25. The term of office of each General v^Veretarv and of the Treasurer sliall he 
for a period of five years following the confirmation of the appointment of any one 
of them, and each of them siiall be eligible for re-appointment . 

26. In the event of a vacancy amongst the General Secretaries and the 

IVeasurer occurring between two Sessions of the Congress the Executive Ccmimittee 
shall have power to appoint a General vSecretary or tlie Treasurer for the period up 
ti.) the termination of the next .Session of the Congress. 

27. There shall he a Eocal vSecretary or Local Secretaries for each .Session of 
the Congress who shall be appointed by the Executive Committee. 

28. There shall be a Local Committee for each Session of the Congress whi(‘li 
.shall be appointed by the Executive Committee. 

29. The Local .Secretary, or .Secretaries, and the Local Committee shall jointly, 
on behalf of and in consultation with the ILxecutive Committee, make all nece.ssary 
arrangements for the holding of the .Session of the Congress. 

30. For the purpose of scientific deliberations during the .Session of the Congres.s 
there shall he such Sections corresponding to different branches of science as may 
from time to time be constituted by the General Committee on the recommenda- 
tion of the Executive Committee. It shall be competent for any Section after 
the first day’s meeting tr) hold its scientific meetings in sub-sections for the purpose 
of dealing separately with different groups of papers submitted to that .Section. A 
.separate chairman may be appointed by the Sectional I’resident in consultation with 
the .Sectional Committee to preside over each sub-section. 

• 31. There .shall be in each Section a President and a Recorder who shall be 

appointed by the P'xecutive Committee. In addition there shall be a vSectional 
Correspondent and a Local Sectional Secretary who .shall be appointed by the Execu- 
tive Committee. 

32. In each Section there shall be Sectional Officers, namely, a President, a 
Recorder,, a Sectional Corre.spondent, and a Xyocal Sectional Secretary. The, Pre.si- 
dent and the Recorder shall be the chief executive officers of the Section. They 
shall have power to act oy behalf of the Sectional Committee in any matter of 
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urgency which cannot be brought before the Sectional Committee for consideration, 
and they shall report such action to the Sectional Committee at its next meeting. 

The work of each Section shall be conducted by a Sectional Committee which 
shall be constituted as follows: — ^ 

(a) Sectional Officers. 

(b) All Ordinary and Honorary Members of the Association who have been 

Presidents or Recorders •of the Section. 

•(r) Two Blembers of the Association, Ordinary^ or Honorary, elected by the 
General Committee at its Annual Meeting during the Session of the 
Congress. 

Tlie Sectional I’resident shajl preside over all meetings of the Section and of 
the vSectional Committee. He .shall be fhe convener of the meetings of the Sectional 
Committee. His ruling shall be final on all points of order that may arise. 

The Sectional Recorder shall act as the Secretary of the Sectional Committee, 
and shall maintain a proper recorc^ of the proceedings of the Sectional Committee 
and of the Section in a book provided for the pur])ose. He shall be responsible for 
the punctual transmission to the General Secretary of the recommendations adopted ' 
by the Sectional Committee, and of resolutions adopted by the Section. 

The Sectional Correspondent shall be resident at the headquarters of the 
Association, and shall be responsible for preparing for the press the material 
relating to his Section, according to the instructions of the Sectional President. 

The Local Sectional Secretary shall be resident in the locality where the 
Annual vSession is held, and shall be responsible for all local arrangements for the 
work of his Section, and for arranging the Sectional excursions in consultation 
with the ^ Local vSecretaries. 

33. The Sectional Committee shall meet on the opening day of each Session 
of the Congress, and daily thereafter during the Session before the meeting of the 
Session unless otherwise determined at a meeting of the vSectional Committee. 

In the absence of the Sectional President from any of its meetings the most 
senior member of the vSectional Committee present shall take the chair. 

' In their meeting on the opening day they shall 

(a) nominate a vSectional President and a Sectional Recorder for the ensuing 

year for the consideration of the FCxeciitive Committee; 

(b) determine the detailed arrangements for the Sectional meetings ; 

{c) select the papers to l)e read and discussed ; 

and in their inectings during the Session they shall also 

id) nominate a vSectional Correspondent and a Local Sectional Secretary for 
the ensuing year for the consideration of the P'xecutive Committee ; 

(c) determine the contents of the Sectional records in the Proceedings in 

accordance with Rule 34(c) ; 

(/) consider means of improving the scientific work of the Section, and make 
suggestions to the Pyxecutivc Committee whenever considered necessary ; 

(g) select topics for discussions at the next vSession of the Congress and make 
necessary arrangements (/) through the President of the Section concerned 
for discussions within a Section, and {ii) through the vSectional 
President who has initiated the proposal for a discussion in which more 
than one Section will participate. 

34(a) All papers submitted for reading at the next Session of the Congress 
shall be forwarded to the General Secretary so as to reach him not later than 
September 15th of the calendar year preceding the Session of the Congress at 
•which the j^apers are intended to be read, provided that this date may be changed 
by the Kxecutive Committee for special reasons. 

(b) Any paper submitted for reading at the Session of the Congress shall be 
accompanied by an abstract in triplicate. 

5^) papers submitted for reading at a Session of the Congress shall be 
checked by the Sectional Correspondent concerned or by such per^son or persons 
appointed by the General Secretary. The papers together with a copy each of the 
abstracts .shall then be sent to the Sectional President concerned for refereeing and* 
acceptance. Decisions with regard to acceptance or rejection of any paper shall be 
final and all reports confidential. 

(d) No paper published elsewhere shall be accepted. 

(e) Only abstracts of the papers received by the General Secretary before 
September 15th in accordance with Rule 34 (a), (b) and (c) shall be printed in 
Part fn of the Proceedings. In exceptional circumstances, abstracts of papers 
received after that date and read before the Section, if specially recommended by 
the Sectional Committee, may be printed, in Part IV. • 
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The Proceedihgs of the Indian Science Congress Association shall be 
published in one volume in four separate parts, as follows : — 

'• I. To contain the list of officers, the Proceedings of the opening meeting 
(except the General Presidential Address) and all official matters. 

II. To contain the Presidential Addresses. To be distributed to those pre- 
sent at the meeting after the addresses have . been delivered, and to 
absent Ordinary, Honorary and Full Session Members by post after 
the meeting. ^ 

III. To contain the abstracts of papers to be read before the Sections v hich 
are received before September 15th in accordance with Rule 34 (a). No 
abstracts shall be included in this volume from authors who have not 
enrolled themselves as JMembers of the Association. To be distributed 
in advance of the meeting to all JMembers of the Association. 

IV, To contain the discussions, late abstracts accepted in accordance with 

Rule 34 (c), the list of members and the index, 

36. The following procedure shall be observed for the making of any addition 
to or alteration in the Rules of the Association 

(i) IToposals for additions to and alterations in the existing Rules may be 
])laced at any time before the General Committee by the Executive 
Committee. 

(ii) (a) Proposals for additions to and alterations in the existing Rules by 
any Ordinary or Honorary Member of tlie As.sociation shall be sent 
to one of the General Secretaries so as to reach him two full 
months before the meeting of the General Committee in which they 
are to be moved. 

(b) One of the (kmeral Secretaries shall circulate such proposals to all 

Ordinary and Honorary Members of the .Association at least one full 
month before the meeting of the General Committee. 

(c) .Any amendments to the ])roposals shall be sent by any Ordinary or 

Honorary ^Member of the Association to one of the General Secre- 
taries vSo as to reach him at least a fortnight before the meeting 
^ of the General Committee. 

id) The proposals together with any amendments shall l>e brought up 
before Ihe meeting of the Chnieral Coiinniitee at its Annual Meeting 
during the vSession of the Congress together with any remarks of 
the Executive Committee and declared carried if accepted by a 
two-thirds majority of the constituent Members present and voiing 
at the meeting. 

{Adopted the 5th January, 1931, Revised the 5th January, 1935, the 6th January, 
1936, the 5th January, 1937,' the 8th January, 1939, the 6tli January, 1940, the 5th 
January, 1942 and the 4tli January, 1943.) 

regulations. 

1. SliCTlONAL Ol'KiCKRS 

(1) Ihe I’resident delivers a JYesidential .Address of which f»rdinarily the cost 
of printing d6 page s of the Proceedings in its usual form shall be borne by the 
Indian Science Congress Association and any author exceeding the limit shall bear 
the extra cost, provided that in no case the Presidential Addresses shall exceed 
25 pages. Jhe time available for delivery of the Presidential Address shall usually 
not exceed 45 minutes. The manuscript of the address, ready for the tiress, should 
be received by the General Secretary before October 15th of the calendar year pre- 
ceding the Session of the Congress at which the address will be delivered, 'provided- 
that this date may be changed by the Executive Committee for special rea,sons. It 
should be accompanied by 12 cfipies of a short popular summarv (alx>ut 500 words) 
for issue to the lay press. The time and date of the delivery of the President's 
Address will be communicated before tlie meeting of the Congress. No two Presi- 
dential Addres.ses will be delivered at the same time. 

(2) The President shall be entitled to receive 30 copies of his address without 
•charge, and additional copies at the cost of reproduction. 

*^ 7 ^ Railway fares, postage, clerical or other expenses incurred bv the Sectional 
Presidents will not be paid by the Association. 

Sections^-^^ following procedure is adopted for the collection of papers for the 

About the middle of April a number of copies of a printed circular will be 
torwarded to the President of each Section who may arrange to semi tliVjse to 
worjeep in that branch of science wdth which his Section is concerned, requesting 
them to contribute papers for reading before the next meeting of the Cofigress. • 
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• 

The circular will contain a clause inviting such workers as are not yet Ordinary. 
Members of the Association to join as such. Particular note should be taken of 
the fact that no new Ordinary Members are enrolled after the 15th ^uly of th^ year. 

In the case of joint papers, each author must be a Member of some categorjr. 

(6) The President referees, either in person or by proxy, the papers received 
for reading before his Section in accordance with Rule 34. 

AbvStracts should be limited, except in very special cases, to about 200 words. 
Long Mistracts should be reduced by the President. References to literature in 
abstracts should be avoided as far as possible and when given should conform to 
the system of abbreviations used by the Association. 

The contents of all abstracts should be carefully checked by the Sectional 
Correspondent concerned or by such : person or persons appointed by the General 
Secretary, and the abstracts sltall then be sent to the Sectional President for his 
final scrutiny and approval. 

Joint discussions on related papers be held. Authors of papers should 

be informed of the time allotted by the Resident to the reading of their papers. 
An author contributing more thaw one paper .should be asked to .specify which 
of them he would prefer to read at the meting. 

(6) The President, in consultation with the Local Sectional Secretary, shall 
make arrangements for such local Sectional excursions as seem desirable. Due 
notice shall be given to the General Secretaries of all such arrangements. 

(7) The President and the Recorder .should, in consultation with other members 
of the Sectional Committee, make proposals to the General Secretary regarding 

> the programme of the Section. Such proposals should reach the General Secretary 
not later than the 1st November, so as to enable the necessary details to be entered 
in the programme. General discussions on questions of importance, held either by 
a single vSeclion or jointly by two or more Sections, should be encouraged. 

The Sectional I’residents concerned shall communicate to the General Secretary 
before the. end of July the titles of such discussions, the names of the speakers and 
such further information as may be considered necessary. 

The Papers, together with three copies of abstracts, to be read by the contri- 
butors at a discussion shall be .sent to the General Secretary on or before the 15th 
September of the preceding calendar year by the Sectional President concerned. 

The materials relating tq a discussion, in n. form ready for the press, shall be 
comumnicated to the General Secretary within a month from the date on which 
the discussion takes place ; the material not received by the General vSecretary 
within this period shall not be publi.shed. 

The President and the Recorder of the Section arranging a discussion shall 
carry out the necessary correspondence throughout the year during which they 
hold office. 

(8) Early in November copies of a printed form will be issued to Presidents of 
Sections for circulation to members of the Sectional Committees requesting them 
to nominate a President and a Recorder for the ensuing meeting for consideration 
by the Sectional Committee. Such proposals shall be accompanied by a statement 
of qualifications, of the nominees for the office and their willingness to accept the 
same if elected thereto. 

During the first week of December, the President of each Section .shall circulate 
all such proposals received by him, together with the statements of qualifications, 
to the members of the Sectional Committee and request them to nominate by ballot 
one member for each office from among the list circulated, the ballot papers being 
received by him up to the 20th December. 

At the first meeting of the Sectional Committee held on the opening day, the 
ballot papers .shall l)e opened and scrutinized as the Chairman shall direct and the 
Vesult communicated to the ICxecutive Committee for consideration, together with 
a complete record of the Proceedings in this connection. 

(9) The duties of Ihe Sectional Correspondent and of the Local Sectional 
Secretary are given in Rules 32 and 34(c). 

(10) All person.s entitled to be members of the Sectional Committee should 
enrol themselves without delay as Ordinary Members if not already so enrolled 
and should inform the General Secretary of the payment of their subscription, 
when accepting the appointment. 

(11) The General Secretary should be consulted whenever any question arises 
not dealt with in these regulations. 

II. Local Arrangements 

In* accordance with the Rules of the Association, the Local Secretaries and the 
Local Committee shall jointly, on behalf of and in consultation with the Executive 
Committel^, make all necessary arrangements for holding ttie Session ^f the Congress. 
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The following arrangements have to be made : — 

4 . Accommodation for the Scientific Meetings 

(1) A large’, hall should be available for (a) the President’s address on the 
opening day, and (b) for the evening lectures. Both (a) and {b) are open to the 
public free of charge. A projection lantern with an operator should be available in 
this room, and it is a great advantage if loud speakers can be installed. 

(2) Rooms for the meetings of the different' Sections of the Congress should be 
provided and suitably furnished. An epidiascope with an operator should be ^pro- 
vided in each sectional room. -All the rooms should be as, far as possible in close 
proximit\^ The following are the vSections of the Congress : — 

Mathematics and Statistics, Physics, Cbeniistry, Geology and Geography, 
Botany, Zoology and Entomology, Anthro|:^k>gy and Archaeology, Medical 
and Veterinary Sciences, Agricultural Sciences, Physiology, Psychology 
and Education Science, and Engineering and Metallurgy. 

(3) A Reception room should be plodded in which members can get informa- 
tion, write letters, etc. The Local Secretaries’ Office should be as near as possible 
to this room. An arrangement vshould be madb witli the Postmaster-General to 
have a temporary Post Office in this room and for all letters addressed to members 
c/o The Indian Science Congre*ss to be delivere<i here. The Indian Science Congress 
Post Office should be situated as near as possible to the Reception room. 

(4) A room near the Reception room should be set apart for the General 
Secretaries’ Office, which will be opened therein from the 31st December. 

(5) Provision should be made for lunch in P'uropean and Indian styles at 
moderate charges near the Reception rcKun. 

B. Accominodatiou for Visiting Members 

The Local Secretaries should send out, not later than the end of November, 
a printed circular to* all members enrolled, asking tliem if they desire that 
accommodation should be arranged for them. It is desirable, as far as possible, to 
provide private hospitality for the President, vSectional Presidents and Officers of 
the Congress. In this circular information should be given regarding the ty]>es of 
.accommodation available, with the charges, and the nature of the climate during 
the Session. The Local Secretaries will receive periodically from the tleneral 
Secretary list of members enrolled at headquarters. 

C. Programme of the Meeting 

(1) (a) The Sections of the Congress meet daily in the morning generally 
from 9-30 a.m. 

(b) Presidential Addresses of the vSections shall commence from t)-30 a.m. 

(c) There should l>e no afternoon Presidential Addresses of the Sections. 

{d) vSymposia or joint di.scussitms will be held either in the morning, or 

from 2 P.M. 

(2) Public lectures are arranged by the Executive Committee, and are given at 
6 P.M. or 6-30 P.M. 

{v3) A printed guide wdth a map of the locality in which the Congress is held 
should be prepared for distribution to members on the o}iening day. Giily Ordinary, 
Honorary and Full Session Members are entitled to the Guide iic*ok free of cost. 
A small charge not exceeding Re. 1 (to be fixed by the Local Committee) may be 
made to other members desiring to have a copy. The Guide Book should contain 
a Summary of information concerning the scientific and educational activities and 
a short history of the locality, in addition to general information likely to be of use 
to visitors. 

(4) Arrangements should be made for giving due publicity to the activities of 
the Congress, both before and during the meeting. 

(5) A list of members wuth their local addresse.s \vhere known should be printed 
and distributed on the opening day. A supplementary list should be typed and 
posted in the Reception room and maintained up to date. The Local vSecretaries 
shall arrange for this. 

* (6) A provisional programme of social engagements should be drawn up by 

the Local Secretaries and sent to the General vSecretary by the 2f>th November. 
It is essential that this be sent in time, as it has to be printed and distributed wath 
the abstracts by the first week of December. 

The General vSecretary will make arrangements for printing the programme 
drafted as above and distributing lhe.se to members enrolled at the time of the 
distribution of the abstracts, : ^ 

The final programme shall be printed locally by the Local Committee in time 
for the opening of the vSassiou. t 
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D. General 

(1) Numbered badges for members of the Congress will be sent by the General 
Secretary to the Local Secretaries for distribution on the opening day of the 
meeting. The badges should bear numbers corresponding to the enrolment num- 
bers. There should be additional badges for Officers. 

(2) Members of the Local Reception Committee who have made substantial 
contributions to the funds of the Local Committee may be given complimentary 
tickets to attend the meetings. * 

• (3) An -audited copy of the accounts of the Local Committee should be sent to 

the General vSecretary not later than the 30th 'April, following the .Session, for 
inclusion in the Proceedings of the Session. It is desirable that the Local Com- 
mittee should contribute any surplus to the reserve fund of the Association. 

(4) Twelve copies each ^of all. local publications connected with the Congress 
(Guide Book, final programme, notices, cards, etc.) should be sent to the office of 
the Association for record at tlie conclusion of the meeting. 

(5) Applications for membership will ordinarily be dealt with by the General 
VSecretary at the Office of the 4ssociation up to the 15th December. After that date • 
applications for membership will be forwarded to the Local Secretaries, who will 
open a separate account for the sale of membership tickets. The amount thus 
realized, together with unsold tickets, should be forwarded to the General Secretary 
immediately after the close of the Congress. 

III. Financial 

(1) The accounts of the Association shall be audited once a 3 ^ear and -the books 
closed on tlie 30th November each year for this purpose. 

(2) The audited accounts shall be placed before the General Committee at the 
Annual Meeting with the observations, if any, of the Executive Committee. 

(3) Sanction for all payments for amounts exceeding Rs. 100 shall I5t obtained 
from the Finance Committee which shall consist of the General Secretaries, the 
Treasurer, and one Ordinary or Honorary Member resident in Calcutta who shall 
be nominated by the Executive Committee. 

(4) Amounts received on account of Life Membership vSubscription shall be 
credited to the Reserve Fund of the Association. 

IV. ElI'X'Tion by the Exi:cijtivk Committee 

(1) A letter shall be issued asking for nominations giving a last date therefor. 

(2) The proposer should ascertain whellier the person he proposes is desirous 
of serving in that particular capacity. 

(3) After the nominations have been received the names should be circulated 
in a ballot paper and the date for return should be fixed two weeks after the 
ballot paper is sent out. 

V. Nomination ok General President 

(1) The General vSecretary shall invite nominations for the office of General 
President of the Association, two years in advance, by a circular letter to the 
members of the Council, not later than the 15lh of October. Such circular shall 
include a list of the General Presidents of the past 15 years, and the branches 
of science in which they had specialized. 

Nominations shall reach the General Secretary not later than the 15th of 
November. 

(2) The General Secretary shall circulate the nominations received to the 
members of the Executive Committee for expression of opinion on or before the 
30th November. Such opinions shall reach the General Secretary not later than 
the 15th of December. 

(3) The nominations, together with the views of members thereon, shall be 

placed for decision before a meeting of the Executive Committee to be held on the 
day previous to the commencement of the Session of the Congress. , 


(Adopted the 5th January, 1937. Revised the 8th January, 1939, the 6th 
January, 1940, the 6th January, 1941, the v5th January, 1942 and the 4th 
January, 1943.) 
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Thirty-first Indian Science Ccrngress 

DELHI, 1944 

PRESIDENTIAL ADDRESS 

Congress President : Professor S. N. Bose 
THE CLASSICAL DET’eRMINTSM AND THE QUANTUM THEORY 

(Delivered on Jan. 3, 1944) 

I wish to express since^-e thanks for the great honour you have done 
me. The Presidentship of the Science Congress is a great distinction, and 
I confess, I have my own misgivings about the wisdom of your choice. 
Your first decision had raised liigh hopes. Many of us expected that a 
deliberate programme of the future scientific activities of the country 
would i»robably be a feature of tlie oi>ening speech of this Congress. 
Pandit Ja^vaharlal had studied the needs of the country. Many of our 
front-rank scientists and industrialists had met under his leadership, not 
long ago, and given to questions of future reconstruction much time and 
anxious thougiit. The results of this deliberation would have Tieen in- 
valuable at the i)revSenl moment. My regret is keen that chance has 
deprived ns of the benefits of a sustained and careful study of the problems 
of tlie da\\ I ^vould have liked to present here the results, if they were ^ 
available. Unfortunately they are not, as most of the reports are inacces- 
sible to me. 

One of your formcV Presidents had remarked that “a scientist is apt 
to become a man that knows more and more about less and less, so that 
his opinion upon sulijects outside his field of special study is not necessarily 
of s]>ecial value”. 1 realise the wisdom of this warning and hope to have . 
your indulgence, if P seem to be more at home with doubts and criticisms 
than with useful knowledge. 

I would like to present l)efore }’'oii certain aspects of modern physics 
and drau' your attention to the profound changes in the principle of 
scientific explanation of natural phenomena brought about by the quantum 
theory. The last fifty years record remarkable discoveries. I need only 
mention the electron and the neutron, X-rayiS and P.adio-activdty to 
remind >011 of the increase of our knowledge. Our equipment has gained 
in power range and accuraev. We pos.scss powerful tel^l^copes to scan the 
furthest corners of the universe, also precise and delicate instruments to 
probe into the interior of the atoms and molecules. The alchemists’ 
dream of transmutation has become a reality. Atoms are now dis- 
integrated and synthesised. X-ray reveals invisible worlds and wireless 
links up the furthest ends of the earth with possibility of immediate inter- 
communication. These discoveries have their repercussions in the realm 
of ideas. Fifty years ago the belief in causality and determination was 
absolute. To-day physicists have gained knowledge but lost their faifh. 
To understand properly the significance of such a profound change it will 
be necessary to discuss briefly how it all came about. Classical physics 
had begun with the study of astronomy. With his laws of gravitation 
and his dynamics Newton had explained planetary motion. vSubsequent 
study has shown astronomical prediction to be possible and ^ sure. 
Physicists had taken the equations of celestial, mechanics as their model 
• of a universal law. The atomic theory had in the mfhan time gained 
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universal acceptance ; since matter had resolved into a conglomeration of 
particles, the idepl scheme was to explain all phenomena in terms of their 
motions and interactions. It was onl.v necessary to set up a proper set 
of equations, and to take account of all x^ossible mutual interactions. If 
the mass, ])osition, and velocity of all the particles were known at any 
instant, these equations would theoretically enable the physicist to predict 
the position and motion of every particle at any other subsequent momeni. 

The phenomena of light did not at first fit into this simple scheme. 
To regard it as a stream of particles was impossible due to the discovery 
of interference. Accordingly the wave theory or light was originated by 
Huyghens and perfected by Maxwell. With the discovery of the electron 
as a universal constituent of matter, the electromagnetic theory of Maxwell 
was converted into an electronic theory by T^orentz. To the dynamical 
laws were added the electromagnetic equations and tlie two together 
apparently gave an exact and ideal formulation of the laws of causality. 
In the forces of interaction henceforth, were to be included not only the 
gravitational forces but also those interactions which depended on the 
charge and the motion of the particles. These interactions w’ere brought 
about 'by influences which spread out as waves with the velocity of light. 
They superimposed, interfered and constituted the field of force in the 
neighbourhood of the i)articles, modified their motion and were in turn 
modifiec^ by tliem. Tlie motions of all ])articles throughout the universe 
w^ere thus interlocked. These out-going influences also constituted light, 
invisible radiation. X-rays and wireless waves. Tlius a set of universal 
law’S w’as supposed to have been discovered and we liad only to appl\' 
them suitably to find explanations of all conceivable natural phenomena. 
In physical science w’e do not however ahvays ])rocced in the above w'ay 
and turn to the 'hiiicroscopic'' equations whene\kn* we have to exi)lain 
events. We often study materials cn masse, consisting of an enormous 
number of corpuscles, and we use either the priiicii>le of the conservation 
of energy or the laws of thermodynamics to explain tlieir behaviour. 
These law’s were however regarded either as simple consequences of the 
fundamental equations or as stati.stical laws derival)le from them by a 
suitable a\’eraging. Though in the latter cases we talk about probabilities 
and fluctuations, it was more or less a matter of faith to maintain that if 
it were possible for us to obtain all the necessary data by delicate observa- 
tions, universal laws w’ould enable us to follow^ each individual molecule 
in this intricate labyrinth and we should find in each case an exact fulfil- 
ment of the law^s and agreement wdtli observation. The above in brief 
forms an expres.^on of faith of a cla.ssical i^hysicist. We see that it 
involves as necessary consequences, belief in continuity, in the possibility 
of space-time description of all changes and in the existence of universal 
law^s independent of observers which inexorably determine the course of 
future events and the fate of the material world for all times. 

A few^ remarks about the general equations will perhaps enable us 
to follow better the criticisms that have been levelled against the system. 
The structure of the mechanical equations of particles is different from 
the field-equations of Maxw^ell and Lorentz. The principles of conserva- 
tion of energy and momentum were first discovered as consequences of the 
mechanical equations. Mass and velocity of the corpuscle furnish means 
to measure its momentum, and its energy, if we leave aside the potential 
energy which resides in the field. To maintain the integrity of the 
principle of conservation, the field must also be considered capable of 
possessing energy and momentum, which however, being associated with 
w^ave-motion, mast spread out in all directions with the waves. The transfer 
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of energy from the field to the particles must thus be a continuous proce^, 
whereby, a finite change should come about only in a finite interval and 
the process should theoretically be capable of an exact description in 
space and time. 

Physics being essentially concerned with relations between quantities, 
these should all be capable qf exact measurement. We measure always 
intervals of time or inicr-distance between points, hence the specification 
of the reference frame is just as important as -the units of measure. Newton 
had not analysed closely the conception of mass and time. This vague- 
ness persisted in the dynamical equations for the particles. The field- 
equations which form the*basis of the wave-theory of light have a different 
origin. With the discovery of the i>rinciple of the least action, a common 
derivation of both has been attempted. But a difference in the choice of 
reference frame in the twa apparently subsisted. The wave-equations 
assumed a fixed ether whereas the material laws contemplated a Galilean, 
inertial-frame. An immediate deduction from* this distinction was the pos- 
sibility of measuring the relative velocity of the observer with reference to 
ether. The experiment of Miclielson and Morley showed it to be unrealis- 
ablc in practice and formed the starting point of the celebrated Relativity 
Theory. Einstein had subjected the conception of time-measurement to a 
searching examination and .showed the impossibility of conceiving a time 
independent of an observer, or an absolute simultaneity of events happening 
at two different places. The same space-time reference should b« chosen 
for the dynamical equations as well as the equations of the field, this being 
sui)plied by the observer. In spite of this apparent limitation Einstein 
demonstrated the possibility of formulation of natural laws independent 
of all axes of reference and pointed out that the necessary auxiliaries 
existed already in the invariant theory and the tensor Calculus of mathe- 
maticians. In spite of its apparently revolutionary character, the theory 
of relativity upheld the ideal of causality and determinism. Einstein him- 
self has continued to seek witli great earnestness a unifying field theory 
which will combine gravitation and electromagnetism and render un- 
necessary a separate formulation of the dynamical equations. No such 
theory as yet exists. 


IT 

The development of the quantum theory has raised fundamental 
issues. Facts have been discovered which demonstrate the breakdown of 
the fundamental equations which justified our belief in determinism. A 
critical examination of the way in which physical measurements are made 
has shown the impossibility of measuring accurately all the quantities 
necessary for a space-time description of the motion of the corpuscles. 

EIxperiments reveal either the corpuscular or the wave nature for the 
photon or the electron according to the circumstances of the case, and 
present us with an a])parently impossible task of fusing two contradictory 
cliaracters into one sensible image. The only solution suggested has been 
a renunciation of .space-time representation of atomic phenomena and with 
it our belief in causality and determinism. 

Let me briefly recapitulate the facts. In iqoo Planck discovered the 
quantum of action while studying the conditions of equilibrium between 
matter and the radiation field. Apparently interchange of energy took 
place in discrete units whose magnitude depended on ii’ and the fre- 
quency of the radiation emitted or absorbed by matter. Photo-electric 
emiciion had similar disquieting features. Einstein therefore suggested a 
discrete structure of the radiation field in which energy existed in qUanta 
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instead of being continuously distributed in space as required by the wave- 
theory., This light-quantum however is not the old light-corpuscle of 
Newton. The »rich experimental materials supporting the wave-theory 
preclude that possibility altogether. ^Moreover the fundamental relation, 
E = hv, and p—hk, connecting energy and momentum of the photon 
with the frequency v and the vector wave number k, makes a direct 
reference to idealised plane wave so foreign* to the old idea of^ a 
coriHiscle. Soon afterwards Bohr postulated the existence of radiationless 
stationary states of atoms and showed how it led to a simple explanation 
of the atomic spectra. The extreme simplicity^ of the proposed structure 
and its striking success in correlating a nuiltitude of experimental facts 
at once revealed the inadequacy of the ordinary laws of mechanics and 
electro-dynamics in explaining the remarkable stability of the atoms. 

The new' ideas found application in different branches of physics. 
Discontinuous quantum processes furnished solutions to many 
Suitably modified, the theory furnished a reasonable explanation of the 
periodic classification of elements and thermal behaviour of substances at 
low temperature. There was however one striking feature. It was ajipa- 
rently impossible to characterise the details of the actual transition pro- 
cesses from one stationary state to another, that is. to visualise it as a 
continuous sequence of changes determined by any law as yet undis- 
covered. It became clear that the dynamical Ioavs as wxdl as the laws 
of electromagnetism failed to account for atomic ]>rocesses. New laws had 
to be sought out compatible with the quantum tlieory capable at the same 
time of explaining the rich experimental materials of classical ]>hysics. 
Bohr and his pupils utilised for a time a corresixmdcnce principle, guessing 
cjorrect laws for atomic processes from analogy wath the results of the 
classical theory. In every case these appeared as statistical laws con- 
cerned with the probabilities of transition l>ctw’een the various atomic 
states. Einstein tackled the problem of the eqnililirium of matter and radia- 
tion on the basis of certain hypotheses regarding the [)robabilitics of 
transition between the various states In' absorr>tion and emission. A 
derivation of the Planck LaA\' was obtained by Bose by a suitable modi- 
fication of the methods of classical statistics. Heisenberg finally arrived 
at a .satisfactory solution and discovered his matrix-mechanics and a 
general method for all atomic problems. Dirac and J^chrodinger also 
published simultaneously their indej>endcnt solutions. Though clothecl 
in apparently dissimilar mathematical symbols, the three theories gave 
identical results and have now come to be looked iqion as different for- 
malisms ex])ressing the same statistical laws. 

I have mentioned that the photon ga\x a simple exidanation of many 
of the properties of radiation and llierebv ju'esented its corpuscular asi>ect 
while the Avell-knoAvn properties of interference and superi)Osibility lirought 
out its w'ave character. That the same dual nature may exist in all 
material corpuscles w'as first imagined by Dc Broglie. His iihase-waves 
found quick experimental verification, and raised a similar problem of 
the real nature of the coriiuscle. The formulation of wave-mechanic.s by 
Schrociinger, once raised a hoj>e that by a radical modification of our 
Usual ideas about the corpuscle it might be i>ossible to re-establish the law 
of causality and classical determinism. Subsequent developments have 
shown such hopes to be illu.sory. His waves are mathematical fictions 
utilising the multidimensional representation of a [dia.se-spacc and are 
just as incapable of explaining the individuality of the electron, as tfie 
photon is incapable of explaining the sujerposibility of the field. ’ The 
true meaning of his equations appears in their statistical interpretation. 
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III 

The adherents of the quantum theory inteipret the equations in a 
peculiar way. Tliey maintain that these equations make statements about 
the behaviour of a simple atom and nothing more than a calculation of 
the probabilities of transition between its different states is ever possible. 
There is nothing incomprehensible about such a statistical law even if it 
rqjates to the behaviour of a single particle. But a follower of deter- 
minism will interpret such statements as bctoying imperfect knowledge, 
either of the attendant circumstances or of the elementary laws. We 
may record tlie throws vvljeii a certain die is cast a large number of times 
and arrive at a statistical law which will tell us how many times out of 
a thousand it will fall on a certain side. But if we can take into account 
the exact location of its centre of gravity, all the circumstances of the 
throw, the initial velocity, the resistance of the table and the air and every 
other i)eciiliarity that may affect it, there can be no question of chance, 
because each time we can reckon where tin? die will stop and" know^ in 
what position it will rest. It is the assertion of tlic impossibility of even 
conceiving such elementary determining law’S for the atomic system that 
is disconcerting to the classical jdiysicist. 

Von NTeumann has analysed the statistical interpretation of the 
(inantum mechanical law s and claims to have demonstrated that the results 
of the quantum theory cannot be regarded as obtainaVde from exact causal 
law’s by a process of averaging. He asserts definitely that a cau.sal <;xplana- 
tion of (inantum mechanics is not possible without an essential modification 
or sacrifice of some i)arts of the existing theor\’. 

Bohr has recently analysed the situation and asserted that we cannot 
hope any future develoi>inent of the theory will ever allow' a return to. a 
description of tlie atomic phenomena more conformable to the ideal of 
causality. He points out the importance of the searching analysis of the 
theory of observation made by Heisenberg, w’hereby he has arrived at bis 
famous principle of indeterminacy. According to it, it is never possible 
for us to determine the simultaneous values of momentum, and positional 
co-(:)rdinates of any system with an accuracy greater than w’liat is com- 
patible w’ith the inequality A q> 

This natural limitation does not affect the physics of bodies of finite 
size but makes space-time descriptions of cor]mscles and photons ini- 
I)ossible. W hen we proceed to study the behaviour of the elementary 
imrticlcs, our instruments of measurement have an essentia! influence 
on the final results. We have also to concede that the contributions of 
the instrument and the object, are not separately computable from the 
results as they are interpreted in a classical way with the usual ideas 
of co-ordinate and momentum accepting thereby a lack of control of all 
action and reaction of object and instrument due to quantum effects. 

It is in this imperative necessity of describing all our kipwledge with 
the usual classical ideas, tliat Bohr seeks an explanation of tlie apparently 
irreconcilable liehavioiir of corpuscles and racliation in different experi- 
ments. Por example, if we set our' ex])eriments in such a fashion as to 
determine accurately the space-time co-ordinates, the same arrangemtot 
cannot be simultaneously used to calculate the energy momentuin rela- 
tions accurately ; wdien our arrangements have pushed the accuracy of 
determining the positional co-ordinates to its utmost limit, the results 
evidently will be capable only of a corpuscular representation. If, on the 
otner hand, our aim is to determine momentum and energy with the 
utniQSit accuracy, the necessary apparatus will not allows us any *deter- 
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niiiiation of positional co-ordinates and the results we obtain can be under- 
stood only in terms of the imagery of wave-motion. The apparently con- 
tradictory nature of our conclusions is to be explained by the fact, that 
every measurement has an individual character of its own. Tiie quantum 
theory does not allow us to separate rigorously the contribution of the 
object and the instrument and as such the sum total of our knowledge 
gained in individual cases cannot be synthe.sised to give a consistent 
I)icture of the object of our study which enables us to predict with cer- 
tainty its ‘behaviour in any particular situation. We are thus doomed to 
have only statistical laws for these elementary particles and any further 
development is not likely to affect these • genei^al conclusions. 

It is clear that a comi)lete accei>tance of all tlie above conclusions 
would mean a complete break with the ancient accepted principles of 
scientific explanation. Caii.salit}' and tlie iinu^ersal laws are to be thrown 
simultaneously overboard. These assertions are so revolutionary that, no 
wonder, they have forced j>liysicists to opposing camps. There are some 
who look upon causality as an indis])ensable ]>ostuIate for all scientific 
activities. Tlie inability to ai>ply it consistently because of the limitations 
of the ]>rescnt state of liuman knowledge would not justify a total denial 
of its existence. Granted that ]>hysics lias outgrown tlie stage of a 
mechanistic fornnilatioii of the priiicii)le, they assert that it is now the 
task of the scientists to seek for a better formnlalion. Others of the oppos- 
ing camp look upon old determinism as an inhuman concei>tion, not only 
i>ecau.se it sets ui) an impossible ideal, but also as it forces man to a 
fatalistic attitude which regards humanity as inanimate automata in the 
hands of an iron law* of causation. For them the iiew^ theory has humanised 
physics. The quantum statistical conception of determinism nestles closer 
to’ reality and substitutes a graspablc truth for an inaccessible ideal. The 
theory has brought hope and inspired activit\'. It constitutes a tremendous 
step towards the understanding of nature. Tlie features of tlie present 
theory may not all be familiar but use i\ili lemove tlie initial on'jhidice. 
We are not to impose our reason and ]>hilo.sophy on nature. Our philo- 
sophy and our logic evolve and adjust tliemsclves more and more to 
reality. 

In spite of the striking successes of the new llieory, its provisional 
character is often frankly admitted. Tlie field theory is as yet in an un- 
satisfactory .state. In spite of strong o])timism, difficulties do not gradually 
dissolve and disaiqsear. They are relegated to a lumber room, whence 
the menace of an ultimate- divergence of all solutions neutralises much of 
the convincing force of imiiosing matlieinalical symbols. Xor is the pro- 
blem of matter and radiation sohx*d b\’ the theory of complementary 
characters. Also we hear already of the limitations of the new’ theory 
encountered in its application to nuclear prolilems. 

The quantum theory is frankly utilitarian in its outlook ; but is the 
ideal of a universal theory completely overthrown by the penetrating 
criticism of Ihe nature of physical measurements? 

Bohr has stressed the uni(|ue character of all jihysical measurements. 
We try to synthesise their results and wc get ])robabilitics to reckon with 


instead of certainties. But how’ does the formalism 


h 
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emerge 


as a certain law? The wider the generalisation, the less beeomes the 
content, A universal law' would be totally devoid of it. It may neverthe- 
less unfold unsuspected harmonies in the realm of concept. More than ever 
now’, physics does need such a generalisation to bring order in its domain 
of idiJas, 



SECTION OF Mathematics and statistics 

President B. M. SSN, M.A., F.N.I., I.E.S. (retd.) 

THE FUNDAMENTAL EQUATIONS OF QUANTUM MECHANICS. 

(Delivered on Jan. 5, 1944) 

The object of the follow ing address is to ]irescut a connected account 
of the modern theory of Quantum Mechanics from the stand-point of a 
mathematician. It is an indisputable fact that experiment lias far out- 
stripped the theory in the particular field and the mathematician has not 
been able to slied any li.L»ht on many well-established experimental facts. 
The progress of theoretical Physics lias been due in a large measure to a 
judicious exercise of jiliysical intuitions and tlie method of trial and 
error. But tlie exposition here given deals mathematically Avith established 
results after the preliminary stages haAx* lieen passed! 

The origin of Quantum Mechanics lies in the attempt of IJohr to 
explain the lines of the Ii>drogen spectrum on the basis of Rutherford's 
atomic model. This is nierel\' a solar system in miniature, the nucleus 
with a jiositive charge taking the ]>lace of the sun w'hile the planets arc 
repre.sciited by electrons with negative charges. But there are grave 
difficulties in the use of the sim])le model. It is one of the well-known 
results of classical Pdcctrodynamics that an accelerated electron radiates 
energy. And as the electrons in Rutherford’s model are always being 
accelerated, they would radiate energy all the time and must ultimately 
fall into the nucleus and the atom would ultimately collapse. Bohr made 
the assumption that there are levels of Imergy and that it is absorbed or 
radiated only when the electron jumps from one level to another. These 
levels correspond to integral multiple values of a definite quantum of 
energy h, the Planck’s constant. The frequenc\' of radiation or absorp' 
tion is given by the relation where and W,, are the 

values of Energy at the two levels. The frequency of radiation, there- 
fore, depends on two numbers w, n leading to the conception of a matrix. 
With this as.sumi)tion, Bohr succeeded in explaining the lines of the 
Hydrogen Spectrum. But it docs not seem to be any business of modern 
theoretical ])h 3 vsics to describe or invx*sligate the mechanism of the jump. 

At the initial stage, the orbits are supposed to be circular but later, 
• the elliiitic nature of orbits is taken into account and the quantum condi- 
tion is generalised into the form / pdq ^ nb , where p stand re.spectively 
for the c(X)rdinate and corresponding momentum of the revolving electron. 
This condition is further generalised into 

PrQa ^ QsPr^ (l) 

Avhere8r.*» = o when and =i when 

This introduction of non-cominutative Algebra is a turning point in 
Mathematical Physics. Attempts are then made to find mathematical 
operations which do not satisfy the law of commutation. The earliest 
is that^of Born, Jordan and Heisenberg, in wffiich djmamical quantities 
are represented by matrices, which satisfy the non-commutative law. 
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Though simple problems such as those of the Hydrogen lines are success- 
fully attacked the working is found very difficult in practice, Weyl 
introduces the. -group theory, but without much, success either. 

The most practicable method is that of the Operator Calculus which 
meets the requirements of equation (i) by regarding the />*s as operators 
with the relation 

‘ «A. A 

^ iV/ d(f ' 

Schrodinger contributes the equation named after him 



for an electron moving in an electric field, w here H (/?, q) stands for the 
Hamiltonian Function of ckissical mechanics and W for the total Energy 
and derives it by considering the stationary value of the Hamilton-Jacobi 
expression. No reason is given for the process, but the ecjualion is now 
to be regarded as the starting point of Modern Atomic Ditsics and tills 
the same position as Newton's eiiuations (»f motion do in classical 
Mechanics. The characteristic value of \V necessary to make ^ an 

analytic function are the Energy-levels wliile the characteristic function 
^ is later interpreted as the probability function. Thus represents 

the probability of the electron being found in the element of volume dv, 
being the conjugate complex of 4^. This reidacemeiit of the momentum 
by a diflferential operator is a landmark in the i)r(igress of atomic jdiysics, 

It is then proved that the matrix mechanics of Horn and the Wave 
mechanics of Schrodinger are but two aspects of the same theory. The 

terms of a matrix representing any dynamical (juantity x are given b\' tlie 

equation ,i:,nn ~ i.df), w here dq stands for dq^, dq^ . ■ . dq^^ 

Follow’ing the practice of classical mecluuiics, it is shown tliat the total 
energy W and —t can be regarded as a j>air of canonical conjugates 
corresponding to momentum and \'clocity oi an elcnjcnlary particle. This 
is in agreeiiient with the Relativity Theory wliich demands that the space 
coordinates and tlie time coordinate imiUii>lied bv i sliould be treated on 
equal footing. 

Dirac then takes over the Poisson bracket exj»ressions 




' 7 >/. * <ih ^ 7 >/. 

The Hamiltonian Expiations are then written as 

The .Schrodinger equation for the Hydrogen atom i^ 






(3) 


The solution must lie analytic at all points. In spherical iwlar co- 
ordinates, if we assume a solution in the form R\ , where R is a function 
or r only, and V, a function of the aiiKitlar cof»r<1inates, it can be shown 
that R must be a finite polynomial while Y must be one of the Laplacian 
Fuitptions Pi"(CnH$) . R is of the fomi '*• 

, hir’"^ + b2r‘'^’‘ + +hHr'~\ • 
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The three integars n( = /'f s), I, m are the so-called quantum numbers and 
play a fundamental role in the theory of atomic structure, n is the. radial 
quantum number, Z, the angular momentum quantum number and tn, 
the axial or magnetic quantum number. There are small discrepancies 
between theory and experiment, e.g., the square of a quantum number has 
to be replaced by the product of the number and the next higher integer, 
by n(n+j) for example. No explanation has yet been offered, except 
that the substitution gives better agreement 'with experimental results. 

It follows from the definition itself that n>/, m<l. Pauli formulates 
the principle that no two electrons in an atom may have the same quantum 
numbers and gives an extremely satisfactory explanation of the periodic 
classification of elements. But no theoretical explanation of the Principle 
is yet avmlable. There reimpns however one difficulty that some of the 
levels show what is called a doubling phenomenon. Dirac guesses that 
there must be a fourth quantum number and identifies it with the spin 
of the electron. His deduction of the spin is a v\’ork of extreme elegance 
and ingenuity and is a big step forward in the development of Quantum 
Mechanics. 


The vSehn Klinger equation for an electron is modified by the applica- 
tion of E^instein's Theory of Relativit\" according to which the mass of a 


particle depends on its velocit}' and is given by m = 



ruo being 


the rest-mass, v the velocity and c the velocity of light. I"or an electron 
iiKning in the absence of an clcctro-magnetic field, tire classical mechanics 
provides the wave equation 


■ + p/ + />„* + 


. ( 4 ) 


where p,r, py, pz arc to be interpreted as operators 


dz 


and W as 


A A 

'2TTi dt ' ' 


h d ^ 
’Itri dx ' 2jrt dy 


arid 


This is in a'ccordance with the Relativity Theory in which the 
space coordinates and the time pla^- similar roles. Dirac therefore 
assiunes that this equation should be linear in W, b. and of 

the form 


\-<rPr + <,,Py + <zPz + <mmC^'li-0 ...{$) 


the <'s being indei)cndent of W and the p*s. The <*s satisfy relations 
of the type i, they all anticommute with one 

another and the square of each is unity. Dirac takes the following 
matrics for the x*s which can easily be proved to satisfy the above 
relations. 

He puts <z~Pi^z, ^m^Ps vvhcre 
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Dirac then shows that the linear equation is invariant under the Lorentz 
transformation. Where there is a field given by the scalar potential Ao 
and the vector potential Ai, A 2, /Is the equation is wTitten in the 
following form, following the classical analogy 




+-J 

c 


j + PsmcX ^-0. 


He then shows that in order that this should be capable of being thrown 
into the form (4) by multiplication with an operator, the electron must 
be supposed to posvsess a magnetic moment — he 1 4^nic. c^and an electric 
moment —ipihcH^mc.fr. The electron, therefore, behaves as if it 
possesses a spin angular momentum wliere h'—hlzrr. 

The analogy of an atom with the solar system is therefore complete. 
This is a far-reaching discovery leading to "the fourth quantum number, 
the spin, which offers a complete explanation of the doubling pheno- 
menon. But a simple calculation "shows that a si>in of }(ih\ the charac- 
teristic values of <r being ±1, would give a velocity at the periphery far 
in excess of the velocity of light. This is in clear contradiction of the 
Theory of Relativity. This anomaly has not yet been cleared and it is 
usual for more discriminating writers to si>eak of electrons l)ehaving as 
if they possessed a spin of ] 4 h'. 

Eddington generalised Dirac’s matrices into H numbers which satisfy 
the relations 

£!fi^ = /, EfiEe + EpEfi * 

but they do not seem to lead to any new result or conse<iueuce. 

The discovery of Neutron adds to the numl>cr of the so-called funda- 
mental particles and it is not yet certain whether the proton or the 
neutron is to be regarded as the elementary [)article. Of course, hvdrogen 
is the simplest particle which can be formed by a proton with an electron 
moving round it, but with a simplifying assumptitin, I liave shown that 
Dirac’s equation leads to a liydrogeii-like particle with dimensions of 
order cms. which may be identified with the neutron. 

The peak of the mathematical theory up to the i)resent has been 
the formulation of the Lagragian e(iuations to meet the refiuirements of 
the Relativity theory as uell as the Electro-magnetic theory and their 
applications to the si>ecial i>roblems connected with cosmic rays. Of 
course, gravitational effects are entirely neglected. It is well-known that 
in classical mechanics the Maxwellian e(piations can be derived by 
Lagrange’s method. 

The simplest example of a relativistically invariant wave erpiation 
is the scalar equation. 

^ U “ = 0 

A 

where D is the operator d®/ and *< — mclh. 

i^l 

This can be derived bv variation of the function 


- (I!;) 0 


with the principle “ d/LdXyfJx^dxndx^ — i) 
The usual summation convention is understood. 
The current vector is 






in which « is l^e charge measured in the natural unit {hcY'*. 
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The current vector satisfies the equation of continuity 

dsJ^Xk-O. . 

The Energy-momentum Tensor T/t is defined in this case by 


Th6 Energy* density 

W = - T„ = - + grad (/». grad U + k^U*U 

** dx% 0.V4 _ 

is always positive, an important consideration. 

It has been shown from the property of eigenstates in momentum 
space that this case leads to* only one eigenstate. Ihis particular^ form 
of the Eagrangian function must therefore corresjmnd to particles without 
spin. The quantization has also been successfully carried out. 

For particles of spin i, a skew-symmetric tensor 

/ 1 — ^ — ti 

is intro<luced. It is related to Ih- in the same way as the field strengths 
are relative to the i)Otential.s in Electro-dynamics. 


We gc^t tlien + **(/, 


0 


The corresponding Eagrangian Function 

gives by the usual variation principle the definition of (Jik and the 
equation satisfied by it above. 

The Energy nioinentum tensor 

dUr , dU 




This was worked out by Proca. Dirac worked out the theory for 
spin 52. Applications to cosmic showers have been made by Bhabha. 

This is where the matter rests at present. But the mathematical 
treatment is becoming extremely complicated. The development of 
Theoretical Physics has been of absorbing interest though the mere mathe- 
matician is apt to find himself sometimes befogged in the rather uncertain 
atmosi)here of new physical intuitions which frequently lack definiteness, 
at least at the initial stages. 



SECTION OF PHYSICS 

President : — D. S. Kothari 
COLD DENSE-MATTER 

(Delivered on Jan. 6, 1944) 


From the dawn of Science, natural pliflosopliers liave speculated on 
the atomistic structure of matter, but it was only after the formulation 
of New'tonian mechanics and developments in analytical dynamics that 
the atomic concept proved fruitful in interi)reting and analysing the 
physical properties of matter in !)ulk in terms of the properties of cons- 
tituent atoms and the laws of interaction between them. It marked a 
great advance when, on the one hand, Dnide, Lorentz and Richardson 
amongst others recognised explicitly that the general laws of the 
'classical kinetic theory of gases* discovered by Maxwell and Boltzmann 
could be extended to sub-atomic ]wticles c.g., the electrons, and, on the 
other hand, wdien Einstein and others applied them to particles of more 
'usual* size than gas molecules, e.g,, colloid susi)ensions. However, this 
extension of classical statistical mechanics to electrons did not meet witli 
any degree of uniform success in all tlie different i>rol.)lems where it was 
applied. Thus the theory of metallic conduction, while it gave a fairly 
satisfactory result for the Weidemann -Franz ratio, was faced with a 
rather grave difficult^’ regarding specific heats. Again in astroi)hysics, 
the theory of thermal ionization initiated by Salia uliich has i)rovided 
the key for the elucidation of stellar spectra is based on the assuint>tion 
that the behaviour of an electron gas can be descril)ed by the classical 
perfect gas equation. But, as Eddington first pointed out, one met with 
a difficulty of somewhat peculiar nature concerning the possible ultimate 
fate of white dwarf stars when one attempted to ai>ply the theory of 
thermal ionization to the material constituting them. On the whole it 
ai>peared that classical stati.stical mechanics ai>i)lied to electrons led to 
quite fruitful results, provided the temi)erature was sufficiently high or 
the concentration (number of free electrons per unit volume) sufficiently 
low — conditions which are ideally fulfilled in the case of stellar atmo- 
spheres. On the contrary, for comparatively low temperatures or large 
concentrations one encountered difficulties and contradictions. Tlie 
situation was changed wdien in 1926 h'ermi, and indei)endently Dirac, 
found that classical .statistics w^as inconsistent with Pauli’s exclusion 
principle, and the electrons obeyed a new^ statistics which for large temp- 
eratures or small concentrations tended to the classical one, but in the 
case of low temperatures or large Concentrations it differed completely or 
degenerated from the classical form. 

The first astrophysical application of Fertni-Dirac statistics was 
made by Fowler, and this was followed by the work of Frenkel, 
Majumdar and Stoner amongst others. Milne has incorporated the new 
statistics in his extensive investigations on stellar structure, and the* 
application of its relativistic mcxlification to equilibrium configurations of 
white dwarfs has been w.orked out in complete detail by Chandrarsekhar. 



,(a) Section tl, Physics : Cold Dense-Mjitier. ■ 13 

• 

I shall deal later at some length with the properties of dense-matter and 
their astrophysical applications. 

It is not the electrons alone which obey Fermi-Dirac statistics, nor 
does it hold for all kinds of particles. For example, neutrons and protons 
obey Fermi-Dirac statistics. Photons, alpha-particles, hydrogen-atoms 
and probably mesons obey \\hat is called Bose-Einstein statistics, after 
Bose, who first in 1926 formulated it in connection with photons, and 
Einstein w*ho applied it to material particles. The statistics, Fermi-Dirac 
or Bose-Einstein, that a jiarticle (or a system) obeys is determined by 
its spin — both spin ayd the statistics are non-classical concepts 
and are essentially non-visualisable in character. Particles ivhich possess 
zero or integral units of spin (the unit being h) obey Bose-Einstein 
statistics, whereas particles possessing half -integral units of spin obey 
Fermi-Dirac statistics, Thfe connection between spin and statistics, 
wliich has been established by the recent work of Pauli and Fierz, pro- 
vides an illuminating illustration of how the relativity theory discloses 
connections between concepts which at first sight would appear to be 
altogether unrelated. 

h'or both Fermi-Dirac and Bose-Einstein vStatistics, the number of 
independent wave functions of the assembly, when its (total) energy lies 
between assigned limits, is far smaller tlian what it is for the classical 
case. This restriction ari.ses because of the permanence of the symmetry 
characteristics of the wave functions (including spin co-ordinates) des- 
cribing the stationary states of an assembly of similar systems ; the 
wave function for the assembly is anti-symmetrical in every pair of 
similar systems for Fermi-Dirac statistics and symmetrical in every pair 
of similar particles for the Bose-Einstein case. In the new^ statistics the 
concept of the similarity or the identity of systems of the same species 
{e.g., one electron is exactly similar to any other electron) plays a far- 
reaching role, whereas in classical statistics, it has no special significance. 
In fact, tile concept of similarity is not in (comiilete) harmony with the 
classical theory where, unlike quantum mechanics, it is always possible 
in principle to follow^ exactly the space-time course of systems and thus 
even identical sv\stems can always be distinguished from one another 
— .systems which because of their being identical ought to be indisting- 
uishable, are not indistinguishable. 

It niay be mentioned that for an assembly for wdiich the systems can 
be assigned permanent or quasi-permanent locations, e.g., the atoms in 
a crystal lattice, the systems can be regarded as distinguishable, and the 
number of accessible states for the assembly in such a case becomes 
identical with the classical result. 


The new^ statistics lias proved fruitful in the understanding of atomic 
problems of the most varied kinds. Thus, it has found application in the 
theory of magneti.sm and of metallic conduction, in explaining the intens- 
ity variations w ithin rotation bands of symmetric molecules like in the 
understanding of ortho- and para- forms of elements, in scattering pherio- 
menon where the incident and the scattering i)articles are similar, and 
recently to explain some of the peculiar properties of liquid He II. In the 
case of a gaseous assembly of similar particles, as already mentioned, 
for high temperatures or low^ enough concentrations the new statistics 
tenfls to the classical one, whereas, when the temperature is low 
or the concentration high, there is a wide divergence betw^een them. 
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These two limiting cAses of the new statistics are called non-degeneraie 
and degenerate respectively. In a non-degenerate {i.e., classical) gas the 
pressure depends upon the product of the temperature and the concen- 
tration, whereas in degeneracy the pressure is (almost) independent of 
the temperature for a Fermi-Dirac gas, and independent of the concen- 
tration for a Bose-Einstein gas, i.e,, one of* the variables, temperature or 
volume is relegated to the background. In the degenerate, state the 
mean de Broglie wave length of the particles is large compared to the 
average distance of separation between them, whereas for non-degeneracy, 
the reverse is the case. ^ • 

In discussing the properties of a gas, \^’hethcr in the .state of degener- 
acy or non-degeneracy, it is convenient to consider two limiting cases, 
which are usually called the non-relalivistic and the relativistic cases. 
In the non-relativistic case the average kiifbtic energy per particle is 
negligible compared to its rest-mass energy, and it is vice versa in the 
relativistic case. 

The various cases of degeneracy and non-degeneracy and the relevant 
discriminants are enumerated below : — 


Fermi-Dirac Stati.stics 


^ non-relativistic 
non-degenerate 




non-relativistic 

degenerate 


nJi^ 


TT.>\ 






relativistic 

non-degenerate 

relativistic 

degenerate 


JL > T • Jl / 

i^^gKkT) ' meUng) 


>>I 


Bo.se-Eixstein Statistics 


non-relativistic 
non -degenerate 


relativistic 
non -degenerate 




me 


non-relativistic 

degenerate 


Jl I eji 

kT 


Y<<Wi); 

relativistic 

degenerate 


me 

kf 


mc‘ 

kT 


<<I 


<<I 


T — Temperature of the gas. 

»ir— Mass of the particle. 

»-^Number of particles per unit volume. 

g — ^Weight factor of the particle by virtue of its internal structure (For 
electrons g= 2). 
c — Velocity of light. 
k — Boltzmann constant. 
h — Planck constant. 

^{s) Rieniann-Zeta function. C (3/2) = 2 612 ; C{3) = r'202. 
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In the non-degenerate case, the Gibbs free energy per particle is negative 
and large compared to kT. For degeneracy in the Fermi-Dirac .case it 
is positive and large compared to kT, whereas ioi Bose-Einstein 
degeneracy it is zero. 

In Bose-Einstein degeneracy the particles in the assembly are distri- 
buted between two phases, ‘the so-called condensed phase and the 
cmrgelic phase — these two phases are co-extensive in (ordinary) space 
but separated in momentum space. The condensed phase is constituted 
of particles that are in the state of the lowest kinetic energy possible 
for a particle in the assembly, ^nd in the non-relativistic approximation 
tlie number per unit volume in this phase is given by 

n-n- ; n^=t(3/2) jT • 

• n 


The energetic phase contains particles per unit volume. London aiid 
Tisza have recently made use of the properties of the condensed phase 
to exidain in a rather qualitative way some of the peculiar feature of the 
behaviour of liquid He II. 


I>uring recent years the theoretical study of liquid structure has 
attracted considerable attention and several models for the liquid state 
have been proposed. The model that interests us here is that of Fiirth 
where a liquid is assumed to be a continous medium permeated witjh 
‘holes'. TJie holes are continually varying in size which is subject to 
a distribution law easily derived by the usual methods of statistical 
mechanics. The average radius of a hole is controlled by the tempera- 
ture and the surface tension of the liquid. It is not necessary to go into 
the details of the model, but only refer to the ]>ossibility of the existence 
of a condensed phase for holes vvhich presumably obey Bose-Einstein 
statistics. As the number of holes cannot exceed the number of mole- 
cules present in the liquid, the condensed phase uill appear when the 
temperature is lower than 

k Wp"/ ’ 


where is the surface tension, p the density of the liquid and m the mass 
of the molecule. We shall not pause here to consider the application of 
the hole theory to lirpiid He 11, but pass on to describe results which 
appear to be of wider interest. For the hole-model of a liquid, it is 
obviously important to con,struct formally the Schrodinger equation for 
a hole and determine the eigen- values for its energy. The energy of the 
ground state is found to be 






and for the higher states the approximate expression is 

^n-=3.6{n+^) (^) ,(„ = !. 2. 3.. 


The ‘ ‘classical’ radius r of a hole in the ground state is given by 

£ft = 4ir(7T®. 
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. The above theory inmiediately gives expressions for the melting 
point Txa and the latent heat of fusion Qm in terms of surface tension 
and density of‘tlie liquid. We obtain 

k { J ’ 

and further the theory requires that the value of (where is the 

increase in molar volume oii melting) 

Qm / P Till ^ ~ ^ 

NnJN ' 

should be unity. It is found that the agreement between theory and 
observation is not unsatisfactory. One is tempted to observe that the 
energy levels of a hole may reveal their presence in scattering and ultra- 
sonic phenomena, but in the i)resent state of the theory it is scarcely 
worthwhile to pursue this topic further here. 


It is well known that equilibrium (blackbody) radiation represents 
the completely relativistic case (/.ero rest-mass) of Huse-Kinstein degene- 
racy. yiie realization of non -degenerate radiation is dependent ui>ou 
the possibility of direct interaction between photons, and is thus con- 
nected with the non-linear developments in the electro-magnetic field 
theory as in the investigations of Born, and Euler and Heisenberg, 
Non-degenerate radiation is not to be confused with dilute radiation. 
(Dilute radiation is not an equilibrium radiation in the thermodynamic 
sense. When equilibrium radiation becomes dilute, there takes fdace no 
redistribution of energy in the different frequencies, but the energy in 
the different frequencies is merely lowered by a constant factor.) It is 
possible that the existence of non -degenerate radiation will lie fenind to 
be partly responsible for dei>arture from blackbody radiation met with 
in astrophy.sical .studies, but at the jiresent stage it is an open (piestion. 

The transformation of radiation into elect run -]>ositron pairs is a fact 
of observation, and furtlier as mesons on decay transform into elections, 
it follows that equilibrium radiation will contain electron and meson 
pairs (and neutrinos and anlincutrinos), their numbur depending on tlie 
temperature. If | and denote the Oibbs free energy per particle 
for positive and negative electrons respectively, then, assuming the total 
charge of the electrons to be zero, we have 

and as $i ^ ~ 


where m is the rest mass of the electron. As the free energy is etiual 
to —mc^, it follow's that the electrons in equililirium with radiation will 
never constitute a degenerate gas. However, for particles obeying Bose- 
Einstein statistics the gas Avill be non-degenerate in the non-relativistic 
approximation but degenerate in the completely relativistic case. The 
electron concentration in equilibrium with radiation is given by 






exp ( mc^/kP) 


(non-relativistic case) 
mc^/k 7’--> 00 , 



(relativistic case) 

mcVkT-^0. 
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For iiiesoiis (massm ) ue have similarly 

Cl^TnkTf^^ , ■ 2n.T\ 

^ fnCVkI ), 

• • 

The last equation is identical with that for photons if we put (j~ 2 . It 
is interesting- to observe that if the rest-mass ni of the electron (or in 
for the meson) W'ere to vary tontiiiuously over any range, then, the 
tota^ concentration of electrons (or ihesons) in equilibrium with radia- 
tion would tend to infinity. Particles whicli conii)letely transform into 
radiation must, tlierefore, ]K#ssess discrete rest-masses. 

When the assembly is subject to a gravitational field, the discussion 
of the equilibrium between electrons, mesons, and radiation 1)ecomes 
somewhat complicated — the Gibbs free energy for radiation no longer 
vanishes at all points of tlie assemldv, i.e., the radiation becomes non- 
degenerate, tlic degree of non-degeneracy depending on the strength of 
tlie field. 


(non-relativistic case) 
rnc^/kT — > CO ^ 

(relativistic case) 
mc^/kT->0, 


After this .somewhat desultory digression, we return to our main 
object wliicli is to describe the essential })roperties and astrophysical 
applications of ‘degenerate matter’. Degenerate matter is a material 
whicli is comi)osed of ionized atoms and free electrons, the free electrons 
constituting a degenerate gas in the sense of Fermi-Dirac statistics. It 
may ))e stated at once that tlie temperatures with which we shall be 
concerned, and in fact those that occur in almost all astro] )hysical dis- 
cussions, are too low for e<(uilibriuni radiation to influence in any way 
the numlier of electrons jiresent in the assembly, the number being 
comiiletely determined by its cliemical composition. 

We now ask the (luestion lu)w or under what conditions atoms 
become ionized and generate a gas of free electrons. What conditions 
force tlie electrons to leave their atomic dwellings and wander in the 
no atom’s land between tlic atoms? There are two ways in which atoms 
lieconie ionized; (i) Temperature ionization and ( 2 ) Pressure ionization. 

Tlie theory of temperature or thermal ionization was given by Saha 
al)out twenty years ago, and, if the value of a discovery is to be judged 
l)y the fruitfulness of its conse(iueiices, the discovery of Saha should 
^ be con.sidered one (>f the most important in modern |>hysics. The 
theory was later extensi\'elv dcvelo]>cd by Fovvler and I^lilne. Saha’s 
theory is based on the assumption that the free electrons constitute a 
classical jicrfect gas and will, therefore, be valid only so long as the 
elect roil concentration is low and the temperature high enough such that 

Taking as an illustration the simple atomic reaction 

where ♦.Y symbolizes a neutral atom, .Y*^ the singly ionized atom and t 

3 
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the electron, the Saha-formula (neglecting the effect of excited states) 
gives . ^ 

^ e-UjkT 

tu = ' 

ihi Ao 

in which m- represents the concentration of the ionized atoms, that 
of the neutral atoms and V the energy reciuired to ionij^.e an atom 
(ionization potential). It slions that ionization will be practically com- 
plete when kT'>'>U, and ionization will be negligible when kT<.<.U, 
unless Ao becomes extremely small. In thermal ionization, therefore, tem- 
perature plays a dominating role and pressure or density only a secondary 
part, and hence it is aptly called thermal or tenn^eraturc ionization. 

In degenerate matter the behaviour of free electrons departs widely 
from that of a classical gas and in consequence the Saha-formula loses its 
validity and the degree of ionization must be investigated on otlier lines. 
The investigation of the degree of ionization in cold matter is of 
importance in astrophysics, particularly in researches dealing with the 
internal constitution of white dwarf stars and also, as has been recently 
shown, in predicting a maximum ladius for a cold stellar body. (The 
words hot and cold are used here iij a technical sense. Matter will be 
called hot when any free electrons present, constitute a non -degenerate 
gas, and it will be referred to as cold when any free electrons inesent 
constitute a degenerate gas.) 

In cold n itter the electron^ will fill the lowest available levels, and 
hence free electrons will exist only when no bound-levels are available 
for the electrons to fall into. When initially unionized cold matter is 
compressed {i.e., its dcn.sity iiicrea.sed) to sucii an extent that the orbits 
of the outermost electrons of neighbouring atoms begin to overlap, then, 
these outermost — or as they arc called ‘valence^ or ^optical’ electrons— 
cannot be regarded as belonging to individual atoms. They are no 
longer bound to their own atoms (but wander, as it were, in a no 

atom^s land) and constitute a free electron gas. The average velocity 

of the free electron \\ ill he nearly etpial the orbital velocity of the 

outermost (i.e., most loosely bound) electron in the ion. The situation 

therefore is parallel to that met with in the theory uf the ionization of 
heav.v ions produced in uranium fission where the velocity of the ion 
is nearly equal to the orbital velocity of the most loosely bound electron 
attached to the ion. 

If we continue to com])rcss the material still further the orbits of 
the outermost electrons of the already ionized atoms would, in their 
turn, on account of the closeness of ])acking be obliterated, or as we 
say in the electron theory of metals, the levels of different atoms get 
fused into continuous bands. The ionization would thus continue to , 
increase with the compression of the material, till it is reduced to 
free electrons and bare nuclei. The degree of ionization in degenerate 
matter is thus determined essentially by its density on pressure (for in 
degenerate matter, the pressure dej)ends mainly on the density and very 
little ejn the temperature), and for this reason it is spoken of as pressure 
ionization, a term originally due to Bridgman. Tlie above description of 
pressure ionization is admittedly very crude, but it serves to indicate tlie 
essential distinction between thermal and |>re.ssure ionizations : 

(i) Thermal ionization occurs in hoi or non-degenerate matter ; 
pressure ionization in cold or degenerate matter : 

*(ii) If, keeping temperature constant, the density l>e reduced, then, 
the degree of^ ionization is increased for thermal and decreised for 
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pressure ionization. The effect of change of density is much greater for. 
pressure than for thermal ionization : 

(iii) If, keeping density constant, the temperature be increased, then 
the degree of ionization is increased in thermal but remains practically 
unaffected in the case of pressure ionization (unless the increase in tem- 
perature be so large that the degeneracy of the electron gas is removed 
and, pressure^ ionization i)asses into thermal ionization). 

Let us consider cold matter compressed t6 such an extent that some 
at least of the outer atomic orbits overlap, and, therefore, the electrons 
which occupied these levels are ^rendered (or squeezed) free — ^in other 
words, we contemplate conditions such that pressure ionization occurs. 
The relation between the degree of ionization and pressure can be 
derived in two alternative ways, the results obtained being in substantial 
accord witli each other. In the first method use is made of the values 
of successive ionization potentials which have been calculated by 
Hartrec in some cases. In the other method we sui^pose tlie material 
divided into similar s]>herical cells — each cell containing a nucleus and 
/ electrons. In genera] some of these electrons will be bound and some 
will be free. The radius a of the cell will be connected with the density 
by the relatioji (ignoring a factor of the order unity which depends upon 
sevxTal factors, particularly the lattice arrangement of the atoms). 


An easy application of the viriaJ theorem with certain simplifying 
assumptions gives a quantitative relation between the degree of ionization^ 
and the density or pressure of the material. 

It is u.sual to exjjress the degree of ionization in terms of what is 
called the mean molecular iceighf per free electron (/d. If we suppose 
the mass of the material to be e(iually shared amongst all the free 
electrons present, then, each electron will receive a mass the unit of 
mass being the H-atom. The number of free electrons per unit volume 
will be given by 



where p is the density of the material. It may be noted that the usual 
definition of /x is the average weight per particle, but as in a degenerate 
gas the ‘heavy particle’ is to be consistently ignored, we define p as 
the molecular weight per jra electron. We shall speak of it as the 
electron molecular weight to distinguish it from the usual definition. 
•For ionized hydrogen u is 0.5 ])er particle and unity per free electron. 

lyCt us consider the material to be composed of atoms of one kind 
only of atomic weight A and atomic number /, then if the atoms in it 
arc on an average r-times ionized, 

^ = A/r .* 

For singly ionized material p — A, and for complete ionization p — Po* 
where Po^AlZ. It is important to observe that though for incomplete 
ionization the value of p depends on the chemical constitution of the 
material, in the case of complete ionization it is practically equal to 2 
for all elements except (i) hydrogen for ivhich it 'is unity and (ii) Jhe 
helium isotope He^ for which it is 1.5, 
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The theory of pressure ionization gives 

/r, (AZAy'^V'^ 

) J , 


where 


A: 




J ’ 


e being the electron charge. If p* denotes the density of the material 
when it is singly ionized (/i~A), then, we have 


and 




The several sinijdifving assiinijUions wliicli are introduced in the 
theory render it ]»articnlarly inaccurate in tlie region of low ionization. 
In the case, therefore, where p'*' can be estimated from other considera- 
tions (for example in the case of alkali metals we miglit take it to ]>e the 
density of the normal metal), it is sometimes advantageous to use this 
rather ^than the theoretical value in the expre.^sion for p. 

The ionization increases, at first rai>idl\' then slowlxg with increasing 
density or pressure. The following table for the ease of helium proN'ides 
an illustration. 

Helium (.I-4, Z~2). 


Percentage 


; Density 

Pressure 

Jon i nation 


( gin. cm.’ 

! 

dyne cm.* 

0 

oc 

0-3.S 

0 


20 

10 

; 0-4.^ 

5-22 X 

UP" 

40 

5 

1 

3 96 X 

10" 

60 

333 

i 1 -84 

3 69 X 

10’* 

80 

2-50 

' 116 

1 -28 X 

10*^ 

100 

200 

1 ^ 

i 



In connection with pressure ionization it is interesting to note that, 
following the lines of the theor\’ of metals given by Wigner and Seitz, 
Wigner and Huntington have shown the possibilit>' of the existence of 
metallic hydrogen under a pressure of the order of k/ atmospheres. 
(According to the above equation, hydrogen under a pressure of 
10® atnio.sphere.s will be about 60% ionized). Recenth’ the firoperties of 
dense hydrogen have been discu.ssed in detail b\' Critchfield, 


As is well known, a white dwarf .star possesses a nuich smaller lumi- 
nosity than other .stars of the same mass and spectral type* About a 
dozen .such stars arc known, the best example being the companion of 
Siriu.s which has nearly the same mass as the Sun, but has less than 
1/3001!) of its Juminosity. Its radius as estimated lx)th from its ssffectivc 
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• 

temperature and the relativity shift of its spectral lines is somewhat more 
than the diameter of the Earth. The mean density is therefore very 
large ; it is about lo'" gin./cni/\ A low luminosity, a high effective 
temperature and a very large mean density are the general features of 
white dwarfs. It is believed that a white dwarf is a fairly common 
object in the sky, but because of its low luminosity it escapes observa- 
tipn. The following table (after Kuiper) gives i)articulars of white dwarfs 
about which fairly reliable data arc available: — 







1 

... 


• 

Effective 

* ! 



Mean 

Name | 

Temperature 

Luniiiiositv 

Mass 

Radius 

Density 

Tex 10-3 

: hihQ 

M/O 

R X 10-9 cm. 

: pm X 10-6 

1 

1 

degrees 

i 


: gm. /cm.® 

Sirius B. 

0-5 

0 0030 

0-95 

1-4 

0-17 * 

40 Rridani B. .. i 

13*5 

. 0-0080 

0-46 

11 

0-16 

Vail Maaiien 2 

8-2 

000016 

2-0 

0-43 

12 

b © - Luniiiiosilv 

of the sun 

(3-8x10^'* erg/ sec.). 



0=rVass of the sun (2-Ox 

10 ” sm )- 




The exi.steiicc 

of the liigh 

density in wliite dwarfs presents *l)y itself 

no special difficult 

y, for, in 

tlie case of 

ionized 

material any density 

(|)erhai)s) sliorl of 

the density 

of nuclear 

matter 

(loK 15 ) 

is perm is- 


siblc. However, if for a inoment we forget about i)resMU'e ionization and 
the inapplicability of Saha’s formula to degenerate matter, the white 
dwarf star will ]>rovide us with a curious ])aradox which is worth 
describing. 

When the white d\varf ultimately cools down to a sufficiently low’ 
tem]')erature, it must, as the theory of thermal ionization requires, consist 
of unionized atoms. But unionized material, even if its con.stituent atoms - 
were almo.st in contact, could not have a density much greater than unity. 
Thus, as the star cools down, it must expand al)out a hundred times in 
size, but this is asking the star to do an impossible thing ; it will not 
have sufficient energy to do the enormous work against gravity which the 
expansion would entail. The star must cool, but it needs energy to cool 
and of this it does not possess enough, therefore, it cannot cool, but cool 
it must and .so on ; and we have entangled ourselves into a morass of 
‘stellar stupidity’. This is the Eddiiigtoii-i)aradox refeiTed to earlier and 
in his own words: *'Tlie star xcill need euergy in order to cool. ... It 
would seem that tlie star will be in an awkward predicament when its 
.supply of sub-atomic energy ultimately fails. Imagine a body continu- 
ously losing heat but with insufficient energy to grow cold,” 

A possible way out of this impas.se is to refuse to recognize that the 
star will ever start cooling — it will continue to shine and due to the 
gravitational energy released continue to get hotter and hotter, till, 
perhaps, it ends at last as a gigantic mass of density comparable to that 
of nuclear matter. But such a h\’pothesis would land us in fresh diffi- 
culties regarding its luminosity — it will be escaping Scylla to fall into 
Charybdis. However, it is now^ time to .remind ourselves that we have 
forced this ‘stellar buffoonery’ on the white dwarf by wilfully forgetting 
that in cold matter ionization is due to pressure and not temperature. 
If W'O assume that in a white dw^arf the inattpr is in the state of dege- 
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nerac}^ then, the star can cool without affecting the degree of ionization 
and hence cooling no longer necessitates szeelling. But is our solicitude 
for the ultimate . fate of the white dwarf the only reason for assuming 
it to be composed of degenerate matter? We shall not stop at this stage 
to answer this question, but i)roceed to investigate the properties of a 
spherical mass of ionized matter in the state^of complete degeneracy. 

To keep to the essentials of the argument we shall at first assume the 
material to. be composed of only one kind of atoms (atomic weight A, 
atomic number /), and ignore the density-variation inside the model. As 
Rosseland showed long ago, an electrical field ii? set up in a star which 
prevents any appreciable separation between the free electrons and the 
ions, and for a model of uniform densit\’ we must hav’c 

AHu c ~v = o, 


where u is the gravitational potential and v the electostatic potential, 
both measured from the centre: u = v-o at r — o. If ^ denotes the Ciibbs 
free energy pei electron, then, we have 

io- ii = fnUi-cVi 

where the suffixes o ^nd i represent the values at tlie centre (r~n)) and 
the surface (r—R) resjiectively. (mUi-cvA is the work done in carrying 
one electron from the centre to the boundary. Taking account of the 
effect of relativistic mechanics, the expression for is 


where 


mc\S7r) me /?’ 


and substituting ^i = o, and Ui= obtain 

-/I 


in which 


and 


p_«/o /©v^’ f, 

r U/J I’ 

“"■(4) 


•GH. 




ia-9© 


A/,= (18it)VJ _ 


Vi tepresents the large dimensionless number, tiiat can be constructed 
from the atomic constants and the constant of gravitation, 


In is a ^length characteristic of the white dwarf theory and M, is the 
ChandrWkhar-Stoner limiting mass. • 
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The radius of the configuration decreases with* increasing mass atid 
vanishes when M approaches the critical value Mj. In predicting a 
vanishing radius for the critical mass and a negative radius for a larger 
mass, the equation has obviously gone astray. Indeed as M increases 
and approaches the value Mj, the equation transgresses the bounds of its 
validity. The energy lost by a mass M when it has contracted to a radius 
R, is of tl\e order of GM^ I R, and, as this can never exceed the total 
initial energy the radius R must be* greater than i?o (which is 

called the gravitational radius), 


R. 


GM 

^2 


1 r 1 ' 

4.., ^ kn,. ; 


a stellar counterpart of the, relation (iX'^e^lmc^) for an electron. 

It is easy to modify the mass-radius relation to take account of this, 
and the result is that as the mass increases, the radius of the configura- 
tion at first decreases, then attains a minimum value and finally increases 
with increasing mass. The density of stellar matter for a mass in the 


neighbourhood of, or exceeding 


i\/,, is of the order of H 



the 


nuclear density. 

However, there is another reason why the above mass-radius* relation 
becomes invalid in the neighbourhood of the critical mass, and this reason 
i:)ersists even when the equation is modified to take account of the loss 
of mass accompanying the loss of energy due to contraction. When the 
concentration of the free electrons exceeds I'l x lo'^ per cm.''*, the 
maximum energy of the Fermi-Dirac distribution for a degenerate gas 
is greater than the mass-difference between a neutron and a proton, and 
the free electrons, therefore, will combine with protons and transform 
tliem into neutrons, that is, protons cannot exist when the electron con- 
centration is larger than I'l x 10'^’ per cm.^. And, further, if the con- 
centration exceeds about 3’6 x lo*’^*’ per cm.^ the electrons will begin to 
disappear by combining with other nuclei. From this it follows that a 


white dwarf possessing a mass greater than the sun (more precisely^) 

cannot contain hydrogen in its interior. White dwarfs of smaller mass 
may contain hydrogen, though for reason which are discussed later this 
is extremely improbable. As the mass M approaches the critical value 
Ml, a detailed discussion of the physical situation becomes extremely 
complicated. In the sequel we shall only consider masses small compared 
to Ml for which the mass-radius relation reduces to 


R = 




a result that could have been obtained directly by taking the 11011- 
relativistic expression for 

It is worth noting that if the effect of the electrostatic field were 
ignored and the gravitational potential alone considered the value of h 
(and hence R) would be increased by a factor f//w> and the critical 
mass by a factor 

•In the above derivation of the mass-radius relation, in order to 
emphasise the essentials of the argument, we ignored the variatipn of 
density (and m) inside the configuration. But before we ask the question 



24 " Proceedings jisi I.S.C. : Part TI : Presidential Addresses, (13) 


as to what value isf to be assigned to jii 111 this relation it is worth- 
while to free ourselves from the limitation of a uniform density model. 
If i and It- denote the Gibbs free energy for the electron and the ion 
respectively, we have (taking the material of atomic weight A and atomic 
number Z) 

di dti (tv 

dr dr dr 

dr ^ dr dr 

A 

where p is the mass density and \ the charge (leiisily, the concen- 
tration of the ions and n of tlic free electrons. It is necessary to assume 
some relation ]>etueen and $ in order to reduce the above system of 
equations to a single diflerential ecjuation, and we shall take 

I $ --== A (a constant), 

which will conform to the physical situation we are contemplating. The 
constality of / v rctfuires tliat Zn^jn is constant throughout the con- 
figuration. After a little calculation we find 

1 ^ « <li\ AnG 

r‘ dr dr) 1 + Xh‘A 


It is easy to see that for comi>lete degeneracy A ^ }n ; t f and hence we have 



irrGp'^d/ 


This equation may lie compared with the 'J'homas-l'ermi equation 


for an atom, 


1 

/’* 


d 

dr 





«On substituting the expression for w. c oldaiii Chandrasekhar’., 
equation investigated b\' liim in comjdete detail. Restricling ourselves 
to the non-relalivislic ca^e we have EmdeiCs equation of index 3/2, Its 
solution whicli jiossesses no singularity at tlic centre (r — o) gives 


where 


«o/o /©V'-’ 
5/3 \mI 

' m i 


-4.0I ; 


is a constant {i;>2'4) characteristic of Kmden-solution of Kmden’s 
equation of index 's! 2, 

We shall now revert to the theory of iiressurc ionization and iucor- 
Iiorate it in the mass-radius relation given above. We sliall disregard 
the variation of p inside the configuration— detailed calculations by Auluck 
takiriiL^ account of this \'ariation have shown tliat its effect is *alinost 
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INDIAN SCIENCE CONGRESS ASSOCIATION 


Extracts from the 


Minutes of the Meeting of the Finance Committee 


held on Thursday, Nooember 25, 1943. 


2. The revised estimates, the budget estimates for iQ43-44«and the 
statement of the Treasurer on the financial position* of the Association 
were discussed. 

It was noted that out of the sum of Rs. 19,000 in the current year’s, 
hiulget provided for outstanding bills on account of the Proceedings- of 
tim Sessions 1941 and 1942 and for printing expenses for the Calcutta 
Session (1943), a sum of Rs. 11,541-13-6 has been disbursed up to 20-11-43 
and Rs. 2,938-2-6 will be si)ent during the financial year for bills received, 
thus making full i>ayment of the outstanding bills and all bills for the 
Proceedings of the Calcutta Session. This satisfactory position has been, 
rendered possible by the fact that the Proceedings of the last Calcutta 
vSession had a smaller volume than those of the previous years. 

Last year Securities held in the Re.serve P'uiid of the Association of 
face value of Rs. 5,000 were sold to meet liabilities. This year a 
sum of Rs. 5,250 has been received in res])onse to appeals and has been 
utilised to meet printing expenses. 

At tlie end of the financial year the position with regard to printing 
exi)enses will l>e as follows : 

The bills for the parts of the Proceedings for the 31st Session 
(Delhi, 1944) which are already in Press, are expected to amount to 
Rs. 3,000. For the remaining parts which will be printed during the 
coming year, the expenditure is expected to be Rs. 3,000. Job printing 
works tvill cost Rs. 800. The total expenses, for the Session are thus 
expected to amount to Rs. 7,000. ’ The subscriptions received for the 
Delhi Session have been practically wholly spent during the current year 
(1942-43). Tlie above expected bills will have to be met from the receipts 
on account of subscriptions for the 32nd Session (financial year I943'44)- 
It will thus be seen that although we have managed to meet the long 
outstanding debts we are still in arrears to the extent of about Rs, 7,000. 
In the budget estimates a provision has been made for Rs. io,<jpo for 
printing which includes Rs* 3,000 to be spent. for the Proceedings of the 
32nd ^SSiOHi 
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The .closing balance of the General Fund Account of the Association 
on 20-11-43 wa 5 Rs. 4,751-6-9. After the payment of Rs. 2,938-2-6 
explained above and other bills, the closing balance at the end of the 
year (on November 30, 1943) is exi>ected to be Rs. 1,300. It is not 
possible to manage with this opening balance till June IQ44 when the 
major ijprtion of membership subscriptions is received and if will be 
necessary to draw upon the current account of the Reserve Fund which 
shows a balance of Rs. 3,127-3-6. This balance includes Rs. 2,195-7-6 
received from the Reception Committee (Calcutta Session), Rs. 600 on 
account of life membership fees received during the year 1942-43 and 
Rs. 331-12-0 on account of interest on Investments and refund of 
income tax. 

* 

^ The following factors have contributed to ease the seriousness of the 
financial position of past years : 

(a) Increa.se of Ordinar\^ and Full Session Membership sul ascriptions 
from Rs. 10 to Rs. 12, sanctioned by the General Committee. 

(h) Donation of Rs. 5,250, of which Messrs. Tata Iron and Steel 
Co., Ltd-, Jamshedpur have contributed Rs. 5,000. 

(r) Contribution of Rs. 2,195-7-6 by the Reception Coinniittec 
of the Calcutta Session (10^3). 

(d) Enforcement of Rules for inclusion of materials in tlie Pro- 
ceedings and the suspension of certain circulars and lists. 

^ The following budget estimates for the year 1043-44 were approved : 


Budget Estimates for the year, ist December, iiyiy to Xoveml>er, 1^44, 


Receipts 


PAVMrXTS 


Rs, P'stablisJimeiit : 


^Members* Subscription? ... 

Sale of Publications ... SOO 


Salary 

Dearness Allowance 
Allowance to Clerk of the 
Second General Secretary 


Audit Fee 

Travelling Expenses 

Miscellaneous (per contra) 300 Postage 

Printing 

Contingency and Stationery 
Furniture and Fittings 
Bank Charges 


Rs. 12,300 


R<. 

R^. 

2.610 


576 


100 


— 

3,266 


50 


400 

... 

1,500 


10,000 


450 


100 

... 

50 

Rs. 

15,8.36 


Note , — The estimated deficit of Rs. 3»536 is to be partly met from 
the'opening balance and jiartly from the balance in the current account 
of the Reserve Fund of the As.sociation. 
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Examined with the hooks and voueliers and found in accord- 
ance therewith. 

, Ray Sc Ray, . ) . J* Mvkhkrjke, 

6, Chnreh Eane, Chartered Accountants > Auditors, Treasurer. 

Calcutta, December 23, 1943. Registered Accountants } 
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negligible — and replacing the density in the expression for fi by the mean 
density of the configuration, we have 


II = 


ho 



AZA 



3/5 


and finally we obtain 



(M 1 

[\wf 

lil^J J 


diere ■ 1 1 J* ( ) 






“ ^ \ff»0/ 


3 X 3/2 7-3 Z'^. 

^ ^ 1.41 X 10-=*^ O 




As the mass increases, the radius at first increases and attains its niaxinniin 
value Rq when the mass is Mo» ^^d then it decreases with increasing mass. 


For M»Mo the radius is given by 


R 


^qIq 1 0 \ ^ 

\M) 


2.79 X 10® 

— 5 /s— 



cm. 


The radius increases as M decreases. The fact that the theory predicts 
for ;x the value /j-q shows that for configurations of mass M>!>Mo — cind the 
kno2vn white dwarfs satisfy this condition — the stellar material is com- 
pletely ionized. In the usual white dwarf theory this is taken as an 
assumption ; here it follows naturally from the tlieory. The second case 
of M<<CMo corres[)onds (in general) to planetary masses. A larger mass 
in this case is associated with a larger radius. The degree of ionization 
rapidly decreases wdth decreasing mass. For 3 />Mo gravitational energy 
liredominates o\er the electrostatic energy, whereas for M<CMo the 
opposite is the case. 

The ma.ss-radius relation involves the chemical composition of the 
material, and in the figure the relationshi]) is exhibited under the follow- 
ing alternative assum])tioiis. The material is assumed to be (i) hydrogen, 
(2) helium and (3) iron. These aSvSumi)tions will be referred to respec- 
tively as assumptions H, He and Fe. 

In the case of iron two further alternatives are i)ossible depending 
on whether for the density corresponding to single ionization, W'e 
take the theoretical value or identify it wdth the density of the ordinary 
metal (7 9 gm./cut/'’). The first alternative we shall denote by Fe (a) 
and the second by F^e (b). The various curves in Fig. I represent the 
theoretical mass-radius relation on the different assumptions. 

As already mentioned when the mass M is not small compared to 
the Chandrasekhar critical-mass, the non-relativistic approximation breaks 
down and the relativistic theory has to be used. The dotted curves in 
the figure are based on Chandrasekhar’s results. Each dotted curve 
merges in the corfesponding non-relativistic curve in the region of M 
comparable to, or smaller than, Q as the relativistic effect is, then 
• negligible.' 
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■ In the region of M»Mo the iron and the helium curves run very 
close together, for, in the case of completely iopized material Mo is 
(practically) the same for all elements except H and He‘\ 


It is Hou' time that we compared the theory with observation. The 
observed mass-radius values for die white dwarf stars and the planets are 
all shown in the figure, and it is indeed interesting to find that the 
ob.served values fall in between the theoretical curves for hydrogen and 
iron respectively. The 'observed curve’ by uhich we mean a smooth 
curve passing through (or as near as possible to) the observed (M, R) 
values is not drawn in the figure, but its general run is evident. It lies 
between the extreme theoretical curves. The values for the maximum 



IhG. 1. The curves show the theoretical relation l)etween mass and radius R. (R is in cm., 
0=ffiass of the Sun), The curve HH and its modification HHr due to the effect of relativity are 
for hydrogen. Ihe curve HeHe is for helium. The curves FbF and FaF'» and their modified forms 
FbFr andpAFRare for iron~the suffix A stands for the assumption Fe(a) and R for the assumption 


Mu =^oon. 
My = Mercury, 
V= Venus. 

E-= Earth. 
M~Mar.s. 


Jupiter. 
S- Saturn. 

Uranus. 
N- Neptune, 
P- Pluto. 


C ~ Planet of 61 Cygni. 
Ew-Dj Eridani R. 
vSw= Sirius B. 

Kw = A.C. 70^8247. 
Vw-Van Maanen's star. 


For Rw (the smallest white dwarf observed) the mass is not known. Its radius as estimates!, 
by Kuiper Ijes betw^een the two horizontal lines indicated i» the figure. 
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radius and the corresponding mass Mo, as estimated from the observed 
curve, are given in the following table which also includes for comp| 05 on 
the theoretical values. . ■ 

Ro X cm. (Mo/Q)io^ 


From ‘observed curve* ... .8 1*6 

Theoretical: Assumption H . 12*6 1-41 

• Assumption He. . 4*94 0*70 

f Assumption Fe(a) . -*77 2-79 

( Assumption Fe(b) 1-96 7-92 


(The radius of Jupiter, the largest planet, is 7 0 x 10 ^ cm.) 

The niaximuni radius for a cold body predicted by the theory is 
about the same as the radiifs of tlie planet Jupiter. There cannot he a 
'cold body* (planet or ivhite dwarf) larger hi size than Jupiter. 

It will be noticed in tlic figure that the observed (M, R) values for 
the two heaviest planets Jupiter and vSaturn lie nnicli closer to the 
hydrogen curve than to the iron curves, uhereas the terrestrial planets 
(Mercury, Venus, Earth, Mars) lie nearer to the iron curves than to tlie 
hydrogen curve. We are thus led to infer that the interiors of the outer 
planets Jupiter and vSaturn are probably coin])osed of mciaUic hydrogen 
(and possibly meiallic helium}, whereas the terrestrial planets possess much 
denser metallic cores, » 

It is interesting to olxserve that for the newly discovered planet 
(mass o'oi60) of the star 61 Cygni, the theory giv'cs a radius of 
3*1 X 10 ® cm, or g ’2 x 10 ^ cm. depending on whether we assume it to 
be comi)osed entirely of helium or hydrogen. 

At this stage we arc inclined to conclude that the com|)arison between 
theory and observation as depicted in Fig^ i is reasonably satisfactory, 
but there is one aspect of it wdiich is somewhat disconcerting. Our theoxv 
was intended to apply to cold bodies (or black du arfs, a term originally 
due to howler) and strictly to bodies at the absolute zero of temperature, 
but we have compared it with luminous bodies, the white dwarfs ; and 
it may also (perhaps) be repugnant to some that white dwarfs and planets 
have been brought together in the same figure. We shall, therefore, 
consider the following two questions: — 

(1) Is the theory of cold bodies applicable to white dwarfs? The 

defining characteri.stic of a white dwarf is its abnormally 
large mean density, say, exceeding lo'^ gm./cm.'' for a star 
of mass comparable to the vSun. 

( 2 ) Is the theory of cold bodies applicable to planets? 

It is difficult to define a planet exactly but we all know something 
as to what it means, and for the moment we leave it at that. 

It is (perhaps) easy to see from general considerations that the small 
lumiMSity of a white dwarf would have little effect on its radius, but to 
^ quantitative answer and also tb gain some insight regarding 
the conditions existing in actual white dwarfs a detailed study has been 
made of a ‘inMel white dwarf*, (mass 0 * 5 ©). The model consists -of 
a non -relativistic degenerate core of radius a surrounded by a non- 
degenerate envelope ; the rate of energy generation is assumed to be 
iiniform and equal to P/M j^r gram throughout the system, and further, 
the variations of opacit}'' inside the non-degenerate envelope and thermal 
conductivity inside the degenerate core are ignored. The formal theory' 
of sucyi two-phase configurations has been given by Milne. It is Ho be 
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noted that ike outward flow of heat in a star is mainly conductive when 
ike matter is degenerate and radiative when it is non-degenerate. 
Thus far non-degenerate matter, it is opacity which is important, whereas 
for degenerate matter it is thermal conductivity which is significant. 
Degenerate matter is more opaque (less transparent) and more conducting 
than non-degenerate matter at the same temperature. It may be men- 
tioned in passing that for degenerate matter radiation pressure must be 
negligible compared to the gas pressure, whereas for non-degenera'ce 
matter the ratio of radiation to gas pressure is unrestricted. 

We return to our model star of mass 0*5©, and let us commence with 
its configuration which is wholly composed of a V<-*rfect (classical) gas. A 
well known result of Eddington’s cla.ssic theory of perfect gas configura- 
tions gives for the temperature at the centre the value (for M=O* 50) 

0.(38 X 10 ^® 

degrees. When the radius R is v^ery large, the central 

. M 


temperature will be comparatively low, the energy generation due to 
nuclear transformations will be negligible, and the star will be dependent 
on gravitational contraction to supply the energy it radiates to space. As 
the contraction proceeds, the rising central temperature will at last rouse 
from their slumber the nuclear processes — from their state of hibernation 
they spring forth into life. But this life is death for hydrogen. Hydrogen 
is converted into helium and the sub-atomic energy so released supplies the 
star’s ex*penditure of energy. This continues for a jiretty long while, but 
ultimately the celestial fuel will be exhausted and the star again will have 
to fall back on gravitational contraction to meet its energy expenditure. 

^ The radius decreases, the central temperature increases but the density 
increases still more, and at last a degenerate core makes its appearance. 
This happens when the radius of the configuration is 






cm, , 


where ^ is given by Eddington’s quartic equation, 
l-;8 = 3.lxl0-» (^)* (i*. 


The star at this time is more luminous than it ever was or will be during 
its entire career, and the same is true for its temperature. In fact, with 
the birth of the degenerate core the star has reached the climax of its 
career. It enters the w^hite dwarf stage which is a period (of order lo^ 
years) of gradual decline in luminosity, in effective temperature, and in 
radius w^hich decreases by a factor of about 3. At the beginning of its 
white dwarf life, it is a 'blue (white) dwarf’ — a term originally due to 
Eddington — about 10** times more luminous than the vSun and having an 
effective temperature of 17x10® degrees and a mean density of 1*1 x 
10^ gm./cm.®. As the degenerate core gradually increases in sfee, the 
blue dwarf changes into a 'w’hite’ (white) dw^arf (it is usual to drop the first 
'white’) then, a yellow (white) dwarf, a red (white) dwarf, till finally it 
ends as a black dw^arf (a white dwarf of zero luminosity). A 'blue 
dwarf’ has been recently observed : Minkowski has made the 
interesting discovery that the star of 1054 A.D. in Crab Nebula has the 
usual size of a white dwarf but its luminosity is 2*5 x 10* that of the Sun 
and its effective temperature about 5 x 10® degrees. Several 'white’ 
dwarfs are known but the yellow, red and obviously black will be toq faint 
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to l)e accessible to direct observation. The usual white dwarfs possess a 
luminosity-mass ratio of the order of 10“^ ergs per gram per secon<^f and 
adopting for our model white dwarf (mass 0*oO) a luminosity of 
10^^ erg /sec., we fijid that the eflFect of its small luminosfty is merely to 
increase its radius by about 3 per cent above the value it would have if it 
were a black dwarf. 

The important derived proi)erties of the model white dwarf are 
tal>ulated btlow : — 

Data given : M-o’sQ, erg/sec., Mo = 2. 


= 0*034, 


Derived properties : • 

Thickness of gaseous envelope 
Radius of the star 

Radius = 1*14 X 10® cm.,* 

Mean density = 2*81 x 10'^ gm./cm.^, 
Effective temperature— 10200 degrees, 
Central temperature = 1*37 x 10^ degrees, 
Flow of heat by conduction 
Flow of heat by radiation 


2 05 X 10^ (at the centre). 


We have just mentioned that a star is likely to reach the white dwarf 
stage when its hydrogen supply has been almost exhausted. The hypo- 
thesis that hydrogen is practically non-existent in the interior of a 
white dwarf is supported by another argument which is much more com- 
pelling (see also page 12). As the protons obey Fermi-Dirac statistics, 
their average kinetic energy can never be less than the Fermi-Dirac residual 
or null-point energy ; and, as the latter depends only on the concentration 
of the protons, for any given proton concentration we can determine the 
minimum value of the rate of energy evolution due to the proton-proton 
reaction (the rate of other nuclear reactions will be so negligible that they 
can be disregarded). 

Proton -i- Proton — ^-Deuteron + Positron. 


This minimum value for energy' generation (the basal katabolic rate) 
increases extremely rapidly with proton concentration, and therefore, even 
for completely degenerate matter, provided the concentration of protons is 
sufficiently high, the rate of energy evolution will r&ach an excessively 
high value. 

In case the protons can be regarded as arranged in a lattice (e.g., 
metallic hydrogen), it is much more accurate to approach the problem 
of energy generation from the point of view of the residual energy of the 
(protonic) oscillators — this gives for a much larger value than the 
former method. Without entering into details we may state the general 
result that if an appreciable amount of hydrogen w’ere present in a white 
dwarf, its predicted luminosity w-ould be of an order far higher than the 
observed one (the discrepancy would be greater as the mass of the star 
is larger). When the density of hydrogen is 10® gm./cm.‘\ the value of 
si 3 X 10’ erg/gm.-sec. and if the density is reduced by a factor of ten, the 
energy generation is o‘i erg/gm.-sec. . It is even now more than ten times 
larger than the observed value for Sirius B. We are thus led to regard 
that in a w^hite dwarf the proportion of non-hydrogen elements w^ould be 
far in excess of hydrogen and the value of fio, the mean molecular weight 
per free electron, must therefore be taken as 2. 

After this somewhat long description, our conclusion is fairly simple., 
The observed (M, R) values for white dwarf^ ought to lie on the theoretical 
curve for black dwarfs corresponding to = 2 (non-hydrogen), unless the 
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white dwarf is excessively hot and luminous, that is, it is a blue dwarf, 
in which case its radius may be a few times larger than the corresponding 
black dwarf radius. The (M, R) values for ordinary stars (not white dwarfs) 
must be far above the theoretical curve. No observed (M, R) values for 
stars ought to lie below the theoretical curve for /4o = 2, — the region in the 
mass-radius diagram below the theoretical curve is forbidden for the stars. 
A glance at the figure shows that whereas the other white dwarfs fall 
almost on the non-hydrogen, curve, Sirius B, the best (most*accuratdy) 
known of’ them , contradicts the theory by falling ver}' near the hydrogen 
curve. The calculated radius for /Ao = 2 is smaller than the observed value 
by a factor somewhat larger than 2 . I do not khow what penalty Sirius B 
will have to pay by proving a delinquent — it may have to go into the class 
of close-binaries — but I trust we have not been unjust in demanding that 
a white dwarf should lie on the non-hydrogen curve for Idack dwarfs. 

We now come to the planets. A planet may he defined as a body 
Which is not self-luminous and whicli in mass is mucli smaller than a star. 
The first condition requires that the surface temperature should m)t exceed 
about yoo^K, but it is difficult to express the second condition ])recisely. 
In the absence of a satisfactory theory of the formation of idanetarv 
systems, it is difficult to fix with any irretence to accuracy the upi>er limit 
to the mass of a planet —it seems true that we cannot define a planet 
because we have no theory for it. We can do no better, therefore, than 
put the^upper limit to the mass of a planet at o'oi © roughly. 

In the case of a planet, becau.se of its small mass, the central tempera- 
ture and density will never be high enough for the subatomic reactions to 
occur and, therefore, unlikg the case of a star, the relative abundance of 
the elements in a planet will remain unchanged except for a possible loss 
of light elements,* chiefly hydrogen and helium, which because of the 
comparatively high velocities of their atoms may esca[>e from the planetary 
surface, A planet is a sample of stellar (or may lie pre-stellar !) material 
bottled up a few thousand million years ago and j)laced in cold storage so 
that no nuclear reactions disturb the initial elemental composition. The 
loss of hydrogen and helium, however, is negligilile for the lieavier planets 
and will be very serious only for lighter planets like tlie earth ; and wc 
expect the relative abundance of hydrogen and helium to be far greater 
in heavy than in light planets. Further, as the degree of ionization in 
degenerate matter depends on jiressure, the ionization will change with 
the decrease in the planetary mass. But must a planet ])e composed of 
degenerate matter? 

Consider a planet of mass o'oi 0 and, for the sake of illustration, 
assume it to be all hydrogen. Let us start with a configuration which is 
composed of a classical gas, then, as the radius decreases the central (and 
also the surface) temperature increases, hut the density increases all the 
more, and ultimately when the radius is of the order of cm., a degene- 
rate core makes its first appearance. It is difficult to determine this value 
accurately as the theory of two phase configurations incorporating pressure 
ionization has not been worked out. What the surface temperature then 
win be, it is- very difficult to estimate, but a crude order-of-magnitude 
calculation shows that it will not be much different from xo® degrees K. 
For i)lanets of smaller mass, the temperature will be still lower. 
As the core increases in size the central and the surface tempera- 
ture will fall till, when the core has completely swallowed the planet, 
the entire mass will be reduced to zero temperature, and i>ossess 
a radius loxio^® cm.. Thtxs, as in the case of a white dwarf, 
the radius of the configuration in which degeneracy just sets ip is a 
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few times larger than the completely degenerate configuration. The 
planet has a great freedom with regard to its size. The Jower limit for 
its radius is fixed at i*ox lo*® cm., but there is no upper limit save that 
it should not be so large as to make the configuration unstable against 
the tidal action of the star to which it belongs. 

We may describe the above situation in somewhat different terms. 
vSii5)pose we are interested in only those configurations of the planet for 
which the upper limit (To) to the surface temperature is much below lo* 
degrees K. Then, the radius will be either very near its lower limit fo, 
or will be above a certain value f,, the range from ro to being forbidden 
— for R lying between ro and the surface temperature will exceed the 
limit set for it. The Torbidden range* widens with decreasing To, till, 
when To is sufficiently low, the upper limit will go beyond the bound 
of stability against tidal action, and the only i)ermissible radius for the 
planet will be (almost) Tq. 

For a planet whose surface is warm — we are concerned here with 
the surface temperature as determined by the planet’s own internal heat 
and not that which is sustained by the radiation from the Priipary — the 
radius may possibly be several times bigger than the value given by the 
theoretical mass-radius relation for completely degenerate bodies. But 
when the surface is intensely cold, as is the case with the planets in our 
own system, the observed (M, R) values should agree with •theory. 
And, it is riglit to add here that for light planets (M<<iWo), the ioniza- 
tion becomes so feeble (in fact /x begins to exceed A) that as already 
remarked the theory of pressure ionization, because of the various simpli- 
fying assumptions on which it is based, begins to break down. However, 
in tlie region of M comparable the theory is not unsatisfactory, 
and the estimate for the maximum radius of a cold body (white dwarf 
or planet] can be regarded as fairly accurate. 

I tliink we liavx^ borne with cold matter for too long a wliile and I 
close with the fain hope that dense matter is not a dunce matter. 
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SOME ASPECTS OF MODERN INORGANIC CHEMKSTRY 
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Introduction 

I had the honour of attendin)^: the first ineetin^e of the Indian Science 
Congress which was held in Calcutta in 1Q14. Sir Prafulla Chandra Rily 
was the President of the Sectit)n of Chemistry on that occasion, and I 
shall ne^r forget the interest and pleasure I felt in listening to the 
Address of that great master of science and the father of chemical 
research in this country. Little did I dream then that in 1944 I should 
have the honour and jirivilege of occupying the chair of the Chemistry 
Section? I appreciate the honour highly and wish to record my thanks 
to the Committee of the Indian Science Congress Association for electing 
me President of this Section. A position of honour, however, Ijrings 
with it many responsibilities, and J thank you all for your help and co- 
o{)eration which have brought the present session to a successful conclusion. 

It has become customary for the President to select for his Address 
a topic regarding which he has carried out some iinestigations or to 
survey the field of research in which lie is personally interested. Follow- 
ing this time-honoured iiractice, I wish to speak to you to-day on “Some 
aspects of modern Inorganic Chemistry/’ Limits of time and space, how- 
ever, forbid me to attempt any comprehensive review of all recent work 
in this branch of cliemistrv’. As it is inii>ossib1e to do more than refer 
to a very few of these, it is with great regret that manv' interesting 
investigations are of necessity left out. Although it may seem invidious, 
the choice of topics is bound to be a <}uestioii of jiersonal i»references. 

Towards tlic close of the nineteenth century, inorganic chemistry 
was at its lowest ebb, mainly because of the very rapid development of 
organic chemistry and the rise of idiysical clieniistry. The goiKl beha- 
viour of the carbon atom, with its four .stable vailencies, its willingness 

combine with itself indefinitely without affecting the stability of the 
molecule”, the ease with which a niultiiilicity of definite new coin[>ounds 
can be prepared, and the aiiplkation of many of these compounds iir* 
the dyestuff and other industries contributed to <lraw a large number of 
chemists to undertake researches on carbon coni|)Oiinds. When Ost^^ald 
succeeded Kolbe at Leipzig in 1887, a new field of chemistry opeticHl — 
that of physical chemistry. Research jiroblems were offered in abtm- 
(!ance, and chemists everywhere were not slow to take them up. Physical 
and organic chemistry thus came to dominate the field, and inorganic 
chemistry w^as gradually pushed into the l)ackground. Comparatively 
few chemists were left who had the courage and perseverance enough 
to find out adequate methods of analysis and purification of materials 
so qecessary for inorganic work. 

There are many wh^ think that there is now no future for inorganic 
chemistry, exefipt in its application to industry. It is generally assutneil 



Sec. Ill, Chemistry : Aspects of Modern Inorgp.mc Chemistry. ■ 33 

• 

that inorganic chemistry has progressed as far as it could with the too^s 
at hand. The discovery of the inert gases of the atmosphere by Ramsay 
and his co-workers and practically all the missing elements- seems to have 
added the last chapter to inorganic chemistry ; and one may really wonder 
what is there left to be done. The accumulated treasures, no doubt, seem 
marvellotis, but as each year, rolls by we find ourselves, like Balboa, 
looking down from the mountain top, beholding an infinite and beautiful 
expanse, ye’t unfathomed. We feel with Newton like children gathering 
shells on the shores of an infinite sea. The vista continues to widen, 
and new problems, new ^leories, new viewi)oints loom large before us 
with kaleidoscopic diversity. T6 quote Priestley ; “In completing one 
discovery we never fail to get an imperfect knowledge of others of which 
we could have no idea before, so that we cannot solve one doubt without 
creating new ones”. When you throw wood on an open fire in the night 
you expand the lighted area, but you also extend the circle of the sur- 
rounding darkness. So it is with all branches of science ; with each 
increase in knowledge, a larger circle of surrounding ignorance is disclosed. 
It seems that “the unfinished window in Aladdin’s tower, unfinished must 
remain”. 


CoMTOUNDS OF THE INERT GaSES 

When the inert gases were first isolated from the atmosphere and 
it was found that none of them could be made to combine with other 
elements, it seemed that these elements would always remain chemical 
curiosities. In course of time, however, they have not only received 
industrial application and neon lights are blazing forth their messages in 
all the cities of the world, but they have been of the greatest importance 
to chemical theory. The electronic arrangement in the atoms of these 
elements is of the stable tyi>es to which other atoms tend to approach. 
Wlien atoms combine to form molecules, the atoms usually acquire elec- 
tronic structures on the same plan as the inert gases. The valency of 
these elements was supposed to be zero, and they fall into line very well 
in Group O of the Periodic Table. The possibility of compound formation 
was first suggested by the work of 'C^illard^ soon after the discovery of 
these gases. He found that when a mixture of water and the inert gases, 
argon, krypton or xenon, was cooled under pressure, crystalline hydrates 
were formed. Villard’s experiments were repeated and extended by de 
Forcrand^. The dissociation pressures were found to be high at o^, except 
for xenon which forms the most stable hydrate having a dissociation 
pressure of i‘4 atmospheres at 14^. The heats of formation of the 
solid hydrates from gas and liquid water were measured. The values 
obtained were 14,885, 14,712 and nearly 17,000 cals, for argon, kr5qpton 
and xenon respectively. If the number of water molecules combined 
with one atom of the inert gas is calculated from these values, it comes 
out as 5*5 for argon, 5 for krypton and 6-7 for xenon. Considering the 
experimental difficulties and the ouestion of symmetry of the molecule, 
it is likely that the number of moJecules of water is the same for all tl\e 
hydrates, and each inert gas atom is surrounded by six molecules of 
water. The structure of the hydrates would then be similar to the 
co-ordination compounds of the cobaltamraine type. The formation of 
hexahydrate is supporlted by the recent work of Nikitin^ who obtained 
the hydrates Ne. 6H2O and A. 6H2O. He has shown that the inert gases 
have many analogies in the formation of co-ordination compounds. •The 
crystall^hydrates of the inert gases are not only similar ^in compositioit 
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and structure with corresponding crystallohydrates but they also form 
mixed crystals with the latter. 

The intere£;t in the compounds of the inert gases has been revived 
in recent years by the work of Booth and Willson^. From a study of 
the system, boron-trifluoride-argon, they found that the freezing point 
of any mixture increases with increase in j)ressure up to a certain value 
and was not affected by any further increase in i)ressure. indicating an 
equilibrium : 

A f X BF,^A. X BF3 
or A. X BF3 +y BF3^==^A. (x^y)BF3 

The freezing-point-composition cui^ves exhibited maxima and minima, the 
maxima corresponding to the ratios A. BFg, A. 2BF3, A. 3BF3, A. 6BF3, 
A. 8BF3 and A. 16BF3 indicating compound formation. These com- 
pounds are unstable and dissociate above tlieir melting points. From the 
shape of the curve the compound A. 2BF3 api>ears to be the most stable. 
It is curious that this is so and that A. 4BF3 is not formed. Presumably, 
in these compounds, the inert gas is acting iis a donor of electrons and 
the BF3 molecule accepts an electron pair as in the co-ordination com- 
pound NH3 — or US — ^-BF.v This would account for tlie compounds 
in which the ratio of A : BFg is 1:1, i : 2 or i : 3. In the higher 
members, BF3 molecules are j)robably linked through fluorine atoms. 
Booth and Willson state that at pressures between 5 and 10 atmospheres, 
liquid BF3 becomes viscous and is probably associated. The comi)oinul 
A.6BF3 may be represented — F3B)3A, that is, a fluorine atom of 

the BF3 molecule attached to the argon atom acts as a donor of two 
electrons to a second BF3 molecule, and the higher members may be 
constituted in the same manner. The formation of co-ordination com- 
pounds of the inert gases opens up an interesting field of research, and 
a considerable amount of work still remains to be done in this direction. 
It is likely that compounds with xenon would be much more stable, 
and besides HjO and BF'.i, co-ordination with other donor or accei>tor 
molecules may be tried. In fact, during the last few years complex 
compounds of the inert gases with phenol have t^een prepared. By 
analogy with substances of roughly similar physical properties, such as 
hydrogen sulphide which forms an addition compound with phenol, the 
inert gases could be expected to form similar addition corai>ounds. 
Nikitin*^ obtained the compounds Rn.2CftH30H and Xe^aCeHsOH. The 
compound, Xe.2C6H50H was found to be about one-third as stable as 
H2S.2C6H5OH. The dissociation pressures of Xe.2C«HflHftOH and 
HCl.aCftH^OH approach each other closely at corresiX)nding temperatures. 
The isomorphism of Xe-aCgH^OH and HCI.2C6H3OH was also established. 
The evidence of formation of a compound of krypton with phenol could 
be obtained only qualitatively. 

It would appear from theoretical considerations that co-ordination 
compounds of the inert gases of higher atomic weights are not fortuitous, 
and the rule of zero valency cannot be rigidly true. In the first |ilace, 
all the inert gases have not the maxii^um number of electrons on their 
OTUter orbits. Since the maximum number of electrons possible in a 
quantum group of n is 2n®, it is evident that the third and the higher 
groups in argon, krypton, xenon and radon are capable of expansion 
so that they might be expected to act as acceptors of electrons* Secondly, 
if the view that molecules co-ordinate by giving electrons to an acceptor 
is regarded as correct, there is no reason why the inert gases should not 
also* act as donors of electrons. If on the other hand, it is assumed 
that co-ordination takes place by the attraction of a molecule within dipole 
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moment to a central ion, the possibility of the nnion of an ion with the 
inert gas atoms seems more remote. Even on this view of co-ordination, 
however, there is the likelihood that under suitable con<fitions a central 
ion may polarize by induction an inert gas atom sufficiently to form a 
compound. Naturally such compounds would be unstable at ordinary 
temperatures, but there are nb grounds for supposing that they are not 
true chemical compounds. 

Helium does not form co-ordination compounds of the types 
mentioned. This is to be expected, because of its small size and polariz- 
ability, and stability of sfructure in the ground state. The helium atom 
may, however, become excited to a higher level by the absorption of 
19*75 electron-volts, and one electron is then promoted to the second 
quantum level. In this state, the atom has some resemblance to hydro- 
gen, and compound formation takes place. The diatomic molecules He2 
and HeH, which are formed in discharge tubes and sa well-known to 
spectroscopists, are familiar examples, but, of course, they cannot be 
prepared in bulk. It is natural to expect that the excited helium atom 
would readily combine with the halogens, but so far no such compound 
has been reported, probably on account of the experimental difficulties 
involved. Helides of some elements have, however, been obtained in 
weighable quantities. Manley* found that helium is capable of combining 
with mercury in the presence of electric glow discharge at low pressure. 
Very careful experiments in which the greatest care was taken to ensure 
the purity of all materials used showed that a gaseous mercury helide 
was formed. The helide is stable below red-heat and does not give the 
emission spectrum of mercury until it is decomposed. The compound is 
not condensed at the temperature of liquid air and is rapidly decomposed 
into its constituents by the action of ultra-violet light. The helide was 
analysed by passing the gas over a glowing idatinum wire and the mercury 
formed by decomposition was condensed and weighed. Conflicting results 
were obtained : at first the formula was reported to be HgHcio, but later 
results, obtained by using a new apparatus for the synthesis of the com- 
pound and Aston’s microbalance for determining density, corresponded 
with the formula HgHe, which is more probably HgHca, the analytical 
ratio differing only slightly from HgHe. It is also possible that both 
HgHe 10, and HgHe2 exist, different compounds being formed under 
different conditions. 

In 1925, Boomer' obtained a solid compound of tungsten and helium. 
When a tungsten filament was made to glow in a discharge tube which 
contained helium, a black deposit was formed. The deposit was collected 
and weighed. The weight of combined helium was calculated from the 
change of pressure and it agreed with the formula WHe^. The properties 
• of the compound are different from those of tungsten. It was shown that 
when the compound is treated with 20 % nitric acid or potassium hydrox- 
ide solution, the helium w’as rapidly evolved and any excess of tungsten 
above that required for the formula WHca remained undissolved. That 
the combination of helium with tungsten was not noticed earlier is 
probably due to the fact that the formation of the compound is extremely 
sensitive to the conditions of the experiment, the best result being 
obtained at a pressure of 0*1 to 0 45 mm., using a current of 5 to 10 
mifliamps at 1000 volts. Under these conditions 5 c.mm. of helium at 
N.T.P. combine per minute. Traces of mercury vapour catalyze the 
velocity 9 f the reaction. ♦ 

Th^ preparation of several other helides has been reported. If has 
been found that the excited helium atom can cofnbine with the vapour ^ 
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inercury, iodine, sulphur and phosphorus. Damianovich* and his co- 
workers have carried out a considerable amount of work on these 
compounds which are all condensable in liquid air. When the condensate 
is wanned up, the helium is suddenly liberated at temperatures far 
below the freezing point of the vapours of elements themselves, so that it 
is improbable that the helium is merely occluded. It may be pointed but 
that the later work in the case of mercury does not agree with that of 
Manley who states that the mercury helide is not condensed at the tem- 
perature of liquid air. Damianovich has also studied a similar compound 
of platinum. When a discharge is i>assed through helium at a low 
pressure, using platinum electrodes, a platinum helide is produced. Like 
tungsten helide, platinum helide is also a solid which dissolves in dilute 
aqua regia, the rate of dissolution increasing with the amount of helium 
present. X-ray studies indicate the probability of the presence of a 
compound. The density of tlie helide is naturally less than that of 

platinum, and the helide is decomposed into its elements at 380^0. It 

appears that the helide has some properties in common with platinum 
hydride, but it seems to be a more definite comixmnd. 

From what has already been said, it is clear that a considerable 

amount of work still remains to be done in this direction. Although up 

to the present the evidence is negative, the i)ossibility exists that other 
inert g^ses may also form compounds after excitation. From considerations 
of ionic radii Pauling® has predicted the formation of XeP\ and KrF^., 
and the unstable XeFg. The possibility also arises that some of the inert 
gases may also combine with other halogen elements. Antropoff, Weil 
and Frauenhof^® thought that they had obtained a krypton chloride by 
passing an electric discharge through krypton and chlorine and condensing 
in liquid air, but later work by Antropoff, Weil and Kriiger^^ showed tliat 
nitric oxide had been formed by traces of air, and liydrochloric acid had 
been formed by the grease. The compound f^etween nitric oxide and 
hydrochloric acid, which is red, was at first thouglit tp be kryi)ton chloride. 
This shows the necessity of ensuring the purity of materials used, and 
avoiding extraneous matter. The work on the compounds of inert gases 
requires a special technifiue and the greate.st care in the purification of 
the materials used. 

DEV^ErX)PMENTS IN THE CHEMISTRY OF BoRON 

During the last thirty years considerable progress has been made in 
the chemistry of boron and its compounds. It has been shown^® that the 
substance which was long regarded as amorphous boron is not pure. It 
always contains varying amounts of oxygen and appears to be a solid 
solution of a lower oxide of boron in elementary boron. When amorphous 
boron is heated to red-heat, the element volatilizes and condenses on the 
cooler parts in the crystalline form. Crystalline boron is hard and black 
and is insoluble in nitric acid, while the so-called amorfihous boron is a 
maroon-red unctuous powder which readily dissolves in nitric acid^ 

• Since the isolation of tetra-borane by Stock and Massenz^* in 191 a the 
hydrides of boron have attracted considerable attention and interest on 
account of their unusual chemical properties, and their importance in 
elucidating the nature of the chemical bond and valency. The existence 
of the boron hydrides has been known for a long time, but they are so 
unstable and react with moisture and air so readily that very little prbgfess 
was* made in their investigation until Stock developed a special technique 
in the study oLsuch corrtpounds. Six hydrides of boron are now Icnown " 
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(i) diborane, BaH* (b.p.— ga^S^C) ; (a) tetraborane; B4H10 (b.p. iS^C) , 
(3) stable pentaborane, BsB^ (b.p. 4o®C) ; (4) unstable pentaborane, BsHji 
(b.p. 63^C) ; (5) hexaborane, B^Hjo (m.p.— 65^) and»M6) decabarane, 
B,oHi4 "(m.p. 99‘7^C). All the hydrides were isolated by Stock and his 
co-workers, except the unstable pentaborane which was discovered by 
Burg and Schlesinger^*, The early history of the hydrides and the 
knowledge gained about them up to 1932 as well as the special technique 
developed by him were reviewed by Stock in his Baker Lectures^* at Cornell 
University. It seemed then that the work was nearly complete, but 
during the last decade, •Schle^nger and his school have advanced our 
knowledge about these highly unstable and greatly reactive substances. 

In 1931, Schlesinger and Burg*® developed an entirely new method for 
preparation of boron hydrides. It consists essentially of the hydrogenation 
of boron chloride or bromide by means of pow’erful electric discharge. With 
the development of this ingenious method, fairly large quantities of dibo- 
rane could be prepared and its reactions with other substances studied. All 
the recent researches have been carefully surveyed by Schlesinger and 
Burg*^ and I shall content myself with briefly referring to two very in- 
teresting types of compound, namely borine carbonyl and the metallo- 
borohydrides. Borine carbonyl*® was prepared by the action of diborane 
with a large excess of carbon monoxide in a sealed tube at ioo*^C and high 
pressure. The equilibrium, 2 CO 4- BsHo^F^^aHaBCO, which isi, quickly 
attained, is fixed by chilling. The three components of the mixture could 
be isolated by fractional condensation. Borine carbonyl melts at -“137 0*^ 
and decomposes at the room temperature into diborane and carbon mon- 
oxide. The addition of an equal volume of carbon monoxide to pure 
borine carbonyl, however, almost completely prevents the decom- 
position of the latter. This fact has been explained by the assump- 
tion that the first stage of the decomposition, H^BCO^^^CO + BHa is rapid 
and reversible, but the second stage 2 BHa^F^ByHe is irreversible. A high 
concentration of carbon monoxide would greatly reduce the concentration 
of borine (BH3), so that the rate of reaction of the second stage would 
considerably decrease, especially as the irreversible reaction appears to be 
a reaction of second order with respect to borine. Borine carbonyl is 
somewdiat similar to volatile metal carbonyls*®. Uike them, it is more 
volatile than hydrocarbons of similar molecular w^eight, and reacts with 
tertiary amines with displacement of carbon monoxide : 

H3BCO ^ (CHalaN-^CO + H 3 B.N(CH 3 ) 3 . 

Borine carbonyl, however, differs sharply from the hydrogen metal 
carbonyls. 

One of the most striking results of recent researches on the reactions 
of diborane is the discover}^ of the metallo-borohydride. The borohydrides 
of lithium^®, beryllium** and aluminium** have been more fully investi- 
gated. They have been prepared by the action of diborane on alkyl 
compounds of the corresponding metals, for example, lithium boro- 
hydride is obtained in almost pure .state by the action of diborane ^on 
lithium ethyl at room temperature : 

2 UC,H, + B2H4 

Lithium botohydride is a definitely salt-like substance and has been 
given the formula I/i’^BH4~, but tfee beryllium borohydride BeBaH® is a 
highly volatile solid, and aluminium borohydride Al.BaHja is a stilt mote 
• volatile liquid. The gradation of properties • from th^ relatively high 
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iaeltiag, aon-volatile and polar lithium borohydride to the low-melting, 
highly .volatile and almost non-polar aluminium borohydride is very 
striking ; while ' the properties of aluminium borohydride approach those of 
diborane itself, the properties of beryllium borohydride are intermediate 
between those of corresponding luhium and aluminium compounds. 

About the time when Stock and his collaborators announced the 
isolation of the boron hydrides, Travers and Ray^^ w^ere also working 
on the boron compounds. It is curious how different workers attack 
identical problems almost simultaneously, and how our knowledge of a par- 
ticular subject develops from different sides. It seems that the time 
must be ripe for progress on a special line. Travers and Ray found that 
boron hydrides W’ere readily decomposed by water, but when magnesium 
boride was treated with water, a strongly reducing solution was obtained 
with evolution of hydrogen containing traces of hydrides. The reducing 
solution appeared to contain a compound of the formula HttBaOa. This 
preliminary work^^ was extended by Travers, Ray and Gupta^^. It was 
shown that when magnesium boride was treated with water, three mole- 
cules of hydrogen were evolved for every molecule of Mg^Ba. The 
solid residue w’hich remained after magnesium boride had been repeatedly 
extracted with water was a white powder with w hich ammonia seemed 
to give the ammonium salt of a compound of the formula Hi2B40e. 
When H12B4O6 was heated in a vacuum it lost five molecules of hydrogen 
resulting in the formation of H2B4O6 which on further heating left a 
residue which had an approximate composition B4O5. The action of 
heat on the compound HcBaO^ resulted in the formation of the oxide 
B^Oj. Both these oxides were obtained in an impure state being con- 
taminated with varying quantities of magnesium oxide. 

The best method of preparing magnesium boride is by heating an 
intimate mixture of one part boric anhydride and 2 25 parts of magnesium 
powder at red heat in a stream of hydrogen. The reaction takes place 
with deflagration, but when the mixture does not deflagrate, the reaction 
is not complete and free boric acid is present. The Tnecliani.sm of hydro- 
lysis of magnesium boride has been studied^^. It has been shown that 
the hydrolysis of magnesium boride at the room temperature takes essen- 
tially the same course whether it is effected by water or by dilute acid. 
The main product of hydrolysis is a substance Mg3B2(OH)ft. At a tem- 
perature slightly below -lo^C, however, an entirely different product 
of the composition HaB2(Mg.OH)3 which is readily converted by the 
action of water into Mg3B2(OH)6 with liberation of hydrogen, esj)ecially 
when the temperature is slightly increased. The course of hydrolysis 
may be represented by the following equations : — 

Mg3B2-f 3H20= n.BAUgxmh 

H.BMg OU), + 3H2O- Mg3B2(OH)« -f 3H2. 

It is found that, contrary to uhat has been generally supposed, no boric 
acid or magnesium borate is formed in the hydrolysis of magnesium 
boride by water or dilute acids. .The compound H3B2(Mg.OH)3 finds 
ita parallel in the compound SiH2(Mg.OH)2 isolated by {khwarz and 
Konrad^* in the preparation of silane from magnesium silidde. 

It has already been mentioned that Travers, Ray and Gupta showed 
that the aqueous extract obtained by the hydrolysis of magnesium boride 
contained the compound HeBjO*. The compound exists in two isomeric 
forms which for convenience may be called <-“HeB202 and 
The most important difference between the and the /?-componnd is 
that while each. molecule -of the former loses 4 atoms of hydrogen when* 
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treated with an acid, the latter 3delds only 2 atoms of hydrogen per mole*- 
cule by the action of an acid. One further molecule of hydrogen is 
removed from the <-compound by addition of iodine .%to the ‘acidified 
solution, but 2 molecules of hydrogen are lost by the ^-compound when 
similarly treated. The di-potassium salt of the ^-compound was 
isolated"*^ in 1922, and the dj- and the tetra-potassium salts of /^-HeBgOa 
were prepared^** in 1937. All the compounds form colourless and well- 
defined cfystals, and do not contain water. They all act as powerful 
reducing agents. Salts of silver, gold, etc. are reduced to metals, and 
with coi)per sulphate sohitions a red precipitate of * ‘copper hydride^’ is 
obtained. Both <- and p-BaH^K^Oj give with nickel sulphate a greenish 
precipitate which contains both nickel and boron. The salts, with the 
exception of /?-B2H4K202, are fairly stable when preserved in a vacuum 
or in a vessel free from moisture and carbon dioxide. They are all com- 
pletely oxidised by nitric acid. In the process of separating di- and 
tetra-potassium salts of /^-HcBjOa, a di-potassium salt of a compound of 
the formula H4B0O2 ^^dlich is obviously a decomposition product of the 
former or its isomeride has also been obtained^®. 

The residue left after magnesium boride has been repeatedly extracted 
with water is a white powder. If this residue is treated with concentrated 
ammonia solution in an atmosphere of hydrogen, a reducing solution is 
obtained. By fractional crystallization of this solution in a vacuum, 
two compounds of the formulce (NH4)2B2(OH)2 and (NH4)2B406 are 
obtained'^*’. Both the compounds are crystalline and quite stable in con- 
tact with ammonia solution ; in the dry state they are stable below o^C. 
Neither of the compounds liberates hydrogen with acids, but while the 
former does not react with barium, calcium or magnesium salts, the latter* 
gives a white crystalline precipitate with each. The two lower oxides 
of boron, B2O2 and B4O5, and their corresponding acids H4B3O4 and 
H2B40fi, can be prepared respectively from these two compounds. The 
compound (NH4)2B2(OH)o is analogous to and (NH4)2B404 

is analogous to KaB40ft'’^ The attempts to isolate the 4-boron boro- 
hydrates of the formula, Hi2B40,. discovered by Travers, Ray and Gupta*®* 
have not yet been successful. 

A few words should be said about the constitution of the isomeric 
borohydrates, < - and There is little doubt that the boro- 

hydrates are closely related to diborane, BaH^, and are probably derived 
from the latter. Although a large amount of investigations has centred 
round BaHo, no satisfactory structural formula has yet been assigned 
to it. The diificulty of giving an adequate explanation of the existence 
of many boron compounds, such as B2H4, which is in agreement with 
the Leu’is-Langmuir theory of valency, and the concepts of octet and 
duplet, is due to well-known fact that the boron atom has only three 
valency electrons, whilst any structural formulae which can be assigned 
to these compounds seem to require four valency electrons. 

The mechanical concept associated with the Lewis-Langrauir theory 
has been applied so successfully to the treatment of problems of organic 
chemistry, in a general way, that the fact seems to be lost sight of that 
in a series such as, ' 

B2H0 QHe N2H4 O2H2 F2H, 

only a forced explanation is available to account for the compounds of 
elements of higher atomic weight than carbon, for which the ratio 
(valency electrons) /(chemical bonds) is increasingly greater than jpinity, 

. I^kimg at the matter from this standpoint, it is not surprising that in 
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the case of boron, the ratio is less than unity. That this mechanical 
concept can be applied to a very large number of carbon compounds is 
no sound argument in its favour if it fails in the case of other elements^. 

In discussing the problem of BaHo, Lewis*'^ writes, ‘*In order to 
account for the hydrides of boron .... Sidgwick proposed that two of 
the bonds between the boron and the hydrogen in BgHc are -single 
electron bonds. The suggestions have been amplilied by Pauling‘*‘\ throngh 
the assumption that it is no particular bonds that permanently have this 
one electron character, but rather this character alternated among several 

bonds in a sort of resonance I am inclined to write for 

the same formula which we have written for ethane (the usual formula), 
indicating in some way that two electrons arc missing, so that on the 
average each bonding pair of orbits is only occupied six-sevenths of the 
time. We shall thus have a picture of a molecule in which all the 
electrons remain paired.** Either of these statements is e(iuivalent to 
an admission that in these cases the theory breaks down completely, for 
there is no virtue in the fraction six-sevenths. 

It is now generally admitted that any chemical bond is not the 
resultant of a pair of electrons, nor even of all the electrons associated 
with the pair of bonded atoms, but of all the electronic forces in the 
molecule®®. In the case of carbon compounds it is i)ossible to accept this 
view and still to retain the idea that chemical bonds are closely related 
to paired electron orbits. Being at the centre of the Periodic Table, 
carbon is exceptional in this respect. In order to illustrate the relation- 
ship between boron compounds and carbon compounds a feu* further 
.general remarks must be made. The relationship between IE Ho and 
C2H6 is supported by the fact that BjHo reacts with HCl or HI to yield 
a compound B3H5CI or B^H^I which suggests the existence of an inter- 
mediate B2H4. The reaction of the compound with acid simply 

involves catalysis of reversible processes : 

H. + HJLO2 

h^b.o.^h.-ipba. 

Parallels are to be found in the formation of ethylene from ethane and 
acetylene from ethylene. That hydrogen can be replaced in Bjll^ by 
(CH3) to the extent of four atoms but that H2(CIl.j)o does not exist but 
only BfCHala will probably find a parallel in tlic case of the dissociation 
of C2(Ph)fi. The relationship is well worth careful study, for it may 
throw light on the later process, in which the apparent weakness of the 
C-C bond is associated with the resonance energy of the C(Ph)3 radical. 
BfCHala has not apparently the properties of a radical. 

Wiberg®’^ and his as.sociates call attention to the analogies between 
diborane and ethylene. The observed value of the parachor was found 
to be 121*9, which agrees with the calculated value 121*2, made up of the 
values for two B atoms (2 16 4), four H atoms (4 x 17*1), one double bond 

(23*2), and two electro-valencies (-2x1*5). The comstitutional similarity 
betjveen diborane and ethylene is also brought out by the fact®* (Hausser, 
unpublished) .that the ultraviolet absorption si>ectra of both compounds 
show bands in the region 185-210/A/x, where none are observed in the case 
of ethane. 

The analogous behaviour of diborane and ethylene points to a simi- 
larity in their electronic structures, and this idea may be extended to show 
that hydroborons and borohydrates are by no means unique. Diborane 
itself, and the isomeric compound yield stable ions, of whivh the 
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electronic structure must be similar to that of [81%] 7 ion, and also to the 
stable compounds containing the structures : 

[•?•]- [•?] [f]^ 

The notation is doubtless conventional but that there is a connection 
between structures is clear. In writing the formula for diborane 
it is not implied that any imrticular hydrogen .atoms are 
differentiated from the others, though tlie compound forms salts. 

One explanation of tbe existence of isomeric borohydrates is that, as 
in the case of carbon compound^, the double bond implies inability of the 
doubly bonded boron atoms to rotate. If, then, the and ^-HgBaOa are 
represented by the formula? : 


H ; 

B : 

oh' 

H+ 


H; 

B ; 

oh' 


; ; 



and 


1 1 


H ; 

B : 

OH 

H+ 


HO : 

B : 

H 


it can be seen that the ^-compound might be able to lose two atoms of 
hydrogen more than the /^-compound. It is ea.sy to assign a formula, 

B: OH 


B. OH 


to 'the product obtained from the <-Hr.B2f ^2 hy the action of acids. In 
the case of the /^-compound, however, there arc alternatives, which may 
be represented by 


H : B : OH 
H : B : OH 


H : B : OH 

and 

HO : B : 11 


or 


B : OH 
HO : B 


H + 
H+ 


The first two formulae are identical, and represent the same compound, 
as the B : : B bond is now eliminated. This formula, and that written 
above to represent the < -compound, include the electronic arrangement 
‘B% indicating that the change is similar in cither case, though the 
< -compound loses with acids two more atoms of hydrogen than the 
/^-compound. The alternative formula, which represents the setting up 
of a B = B linkage, and no change in the electronic structure, has nothing 
in its favour. 


It is also possible to represent the relationship between the and 
^-HflBaOa by assigning to them the formulae : 

H+ 

The products of the action of acid on them may now be represented by : 

B : OH . H : B : H 


H: B: OH 

H+ 

H: B: H 

• : 

‘and 


H : B ; OH. 

H+ 

HO: B: OH 


and 


B: OH 


HO : B : OH 


6 
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Here again the process involves a change in electronic structure from 
.B- to -B- in each case. As the stability under different circumstances 
appears to depdnd mainly upon electronic structure, the process seems 
to be equally well represented by either of the two systems. However, 
as the does not seem to undergo change into tlie 

the cis- and cis-trans formulae seem to be more probable. 

It is evident that the structural formulae which rei)reseut space rela- 
tionship so well in the case of carbon compounds, though less effectively 
in the case of the nitrogen compounds, may be used in the ca.se of boron 
compounds only to indicate the general, character of certain chemical 
processes. Our knowledge about the structures of boron hydride has 
been recently reviewed by Bauer’^. Much of tlie theoretical work, to 
which complete reference has been made in the review only reveal the 
limitations of our knowledge of the chemical bond. 

Although considerable j)rogrcss has been made in the field of 
boron chemistry, a large amount of work still remains to be done. Many 
facts have to be discovered before ade<iuate solutions could be found for 
many questions which still remain unanswered. The new knowledge 
which has been gained in this field has opened a vast tract, rich in interest 
and possibilities. The study of hydroborons and borohyd rates has raised 
new problems about the nature of the chemical bond. How is it that a 
hydroboron with a single boron atom in the molecule does not exist ? 
Why does the simplest h\'droboron ixissess a dimeric formula while the 
corresponding alkyl derivatives are monomeric? Starting with boron 
halides, it would be interesting to stiidt- the rerJacenienl of tlie halogen 
atoms by hydrogen and to determine at what stage the B— B linkage 
occurred. It may be mentioned in this connection that preliminary 
experiment shows that boron bromide and sodium li>'dride do not react 
with each other. The study of the reactions of borohydrates with organic 
reagents may give rise to intere.sting comjiounds ; the reidaccment of 
hydroxyl groups by other atoms or radicals may also be attempted. 
Additional work is needed to elucidate the mechanism of the fornialion 
of the boron hydrides and their relationsliij) witli one another. The.se 
are only a few suggestions about the directions in which future develop- 
ments may be made. On account of the instability of many of the 
compounds, however, the investigations are difficult, but there is no doubt 
that it is a fertile field which will attract research workers for many years 
to come. It seems that the .solution of the mystery of the nature of the 
chemical bond lies hidden in the chemistry of the inert gases and that 
of boron. 


C( )-Ok I )INATH )N >M w 

Due to exigencies of economy of ])aper and printing cost, it is not 
possible to .speak about many other asi»ecls of modern inorganic chemistry 
although some of them are also of fundamental importance. Since 
Werner brought them under an ordered arrangement, the co-ordination 
coinpounds have attracted a large number of investigators, and co- 
ordination theory has become interwoven into the fabric of modern 
inorganic chemistry. The main trend of work has centred round the 
determination of the structure of co-ordination comi>ound.s with all the 
Iiowerful physical methods at the disi>osal of the modern chemist, and 
old obs(§n'ation.s have lieeii refurbished iji tlie light of present-day 
knowledge. Still it has not yet been |K>ssiblc to determine all the factors 
which determine the co-ovdination number of elements, and it is not yet 
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possible to predict the type of co-ordination compound which a particular 
element will form with a particular co-ordinating atom, group or 
molecule. There is increasing evidence in favour of the view that co- 
ordinate links and principal valencies are closely connected, and, it seems, 
that it is necessary to determine the structure of co-ordination compounds 
as a whole and not of the dentral metal atom only. Investigations of 
considerable importance on co-ordination compounds are beipg carried 
out in this country by Professor P. Ray and his school at the University 

College of vScience, Calcutta. 

♦ 

Mechanism of Reaci'ions and Constitution of Inorganic Compounds 

I shall content myself with mentioning one other direction in which 
investigations may be prosecuted with advantage. Although the use of 
more exact and more powerful methods is gradually leading to a clearer 
insight into the course of reactions and info the structure of inorganic 
compounds, we have not gone very far in our journey in this direction 
and considerable ground still remains to be covered. While the consti- 
tution and structure of most organic comi)ounds have been worked out, 
analytically as well as synthetically, the same thing cannot be said of 
many inorganic substances. Despite the fact that an enormous amount 
of work has centred round glass, we are still in doubt whether it is a 
definite chemical compound or merely a mixture. In this connection 
mention may be made of the recent work of Ray, Ganguly and Sarkar^® 
who found that whatever might be the original composition of the mixture 
of sodium carbonate, calcium carbonate and silica from which glass was 
made, a substance of definite chemical composition was formed. The 
exact mechanism of many chemical reactions betw’een inorganic sub- 
stances is still uncertain. A (luantitative study of these should be 
attemi)ted in a systematic manner, using the tools placed at our disposal 
by the physical chemist. 

It must be confessed that our knowledge about the metallic hydrides 
is still incomplete. It has recently been showm^* that betw^een the 
temperatures 25^C and i5o^C, nickel forms tu’o liydrides, NiPU and NiH 
of which the heats of formation are approximately 35,200 cals, and 
17,100 cals, respectively. Analogous compounds are also formed by 
cobalt. The heats of formation of these hydrides are comparable to 
the salt-like hydrides of alkali and alkaline earth metals. It is well- 
known that some rare-earth metals, zirconium, tantalum and titanium 
form a class of hydrogen comi>ouiids in which there does not exist an 
exact stoichiometric relationship lietw^een the metal and the hydrogen 
atoms, and these are generally regarded as interstitial compounds. Some 
^ of these “hydrides”, however, possess high values for their heats of 
formation, suggesting that there can be little difference in the nature 
of the chemical bond in a substance such as zirconium hydride, Zr.Hi.sg 
(Heat of formation = 38,900 cals.) and barium hydride (Heat of 

formation = 40,960). It is one of the puzzling features of this group of 
substances. ’ . 


Future of 1norg.\nic Chemistry 

The list of topics can, of course, be made much larger and may well 
include fields of other investigations in W’hich both experimental methods 
and relevant theories are still lacking. It is clear, however, from what 
has already been said, that there has probably never been a time when 
the prospects of inorganic chemistry were so promising as they are to-day. 
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Those who, like myself, began the study of chemistry some thirty-seven 
years ago, are filled with envy of the younger men and the great future 
of scientific research that lies before them. A great and splendid 
prospect, a land of *'rare and refreshing’' fruit lies before the inorganic 
chemists of the present da3^ Btvery experimental tool and eveiy^ theory 
of the physicist, the physical and organic chemist are at his disposal, 
ready to be applied to an ever-increasing wealth of material. A com- 
bined attack of organic, inorganic and physical chemistry as well as 
physics must be made on various i)roblems to produce fruitful results. 
It is, indeed, this drawing together of what uere in former days separate 
“sciences” that offers the greatest hope and the greatest prospect for 
the future. I do not, however, wish to make “invidious distinctions 
between the major and minor prophets”. It takes many prophets to 
make good chemistry. 


Concluding Remarks 

In conclusion, the contemplation of pure chemistry may seem 
incongruous at the present moment, but tliere are two reasons for its 
choice. In the first place, it will perhaps be a welcome diversion amid 
the plethora of industrial problems that have latel>' been the iiortion of 
many of \'ou. The second and most important reason is that pure 
chemistry is the bedrock uikui which its api)licati()iis must stand ; applied 
science must always follow pure science, and if the latter Ix'comcs 
stagnant, the flow of the former also withers uj). 

It is a saddening thouglit that whilst knowledge of man is ever 
widening, it does not always bring wisdom with it. The growing public 
realization that the powerful tools of science can l>e used for tlie enslave- 
“Tnent and de.struction of man has given rise to bitter questions and 
charges. The que.stion arises, of course, because science as a method for 
gaining knowledge of nature also brings with it llie iK>wer of controlling 
nature, and power can be used by evil men to do evil more obviously 
and dramatically than it can be used by men of goodwill to do good. 
This is true of many things of life. Language is a powerful instrument 
which can be used not only to propagate knowledge and to mirror .spiritual 
insight but also to spread false and destructive propaganda. The possi- 
bility of misuse, however, is not aiv argument for no use at all. It 
would be fantastic to suppose that chemists are a callous and 
blood-thirsty class of people because of tlie i)art chemistry jdays in 
modern warfare. Theirs is a dispassionate (luest altogether. Science 
is at once a method, a confidence and a faith. It is a method of con- 
trolled and repeatedly checked observations and experiments, objectively 
recorded with absolute honesty. It is a confidence that truth can be* 
discovered. It is a faith tliat truth is worth discovering. The study of 
science .should lead to lessen the antagonism and to create better under- 
standing between the peoples of the world. However, it did not look 
t|iat at times ; it does not look like it at the moment. vSome of the best 
brains are working now^ in contem}>lation of destruction. Gathering.s of 
scientific men must, however, be held in order to endeavour to contribute 
to the understanding between the peoples of the world. Really speaking, 
the things that divide us are trivial as compared wdth the things that 
unite us. Science has laid the foundations of a co-operative w^orld, becaiise 
science relates to the welfare of all men cveryw'here. The best that the 
ai>pfications of science have produced anywhere in the world hag always 
been available* to serve the race of men, regardless of nation or cdloiif. 
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In science tHere is neither dictatorship nor oligarchy j it is a free democracy 

comprising all talents. . , r ' - , 

The age of distinct human societies, indifferent to the fate of one 
another, has passed for ever. The great task that will confront us after 
the war is to develop for the community of nations new areas and tech- 
niques of co-operative actiofl which will fit the facts of the present-day 
w'orld. Science is the centre of unity round which men of differing 
cultures and faiths can combine ; in the wide and varied fields of science 
alone, the human race, by pooling its brains and resources, can add to 
its own well-being. Ortly as ivc begin to build, brick by brick, in these 
areas of common interest where co-operation is possible and the results 
are of benefit to all, caii we erect the ultimate structure of a united society. 
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Before proceeding with iny address I wish to express iny sincere thanks 
for the great honour done to me by iny colleagues in electing juc 
President of this year’s session of the Geology and Geography Section. 
For a teacher, like myself, it is not only a great honour but a great 
privilege which 1 accepted with considerable trepidation. As a rule most 
of the professors are working under a great handicap, because the greater 
part of their time is spent in undergraduate teaching. 1 believe that 
in selecting me for this honour you had in mind the idea of encouraging 
a small band of universiU' teacliers working in only a few colleges in 
India. I am also deeply conscious of the great responsibility tliat J have 
'accepted and I trust that with your kind co-oi aeration and indulgence, the 
proceedings of this session will be successful. It is this consideration that 
has emboldened me to accept the responsibility of presiding over the 
deliberations of this section. 

An old worker in science looks greatly back on his attendances at the 
Science Congress Association meetings not only as delightful human events 
‘but as red-letter days in his own development, as milestones in the lui' 
ceasing march of his subject, and as heliis in the hard task of keeping 
himself more or less in stei). I have spent most of my lime in teaching and 
that too in Bombay. Bombay is also Vrbs Prima in Indis. Couse<juently, I 
have chosen the ‘Bomliay Island’ as the subject of the remarks 1 propose 
to make this morning. I, therefore, have ventured to take this oppor- 
tunity to examine the outstanding aspects of this Island and make some 
observations on them in the hope that I may elicit further information 
from future workers. 

But, before I turn to the substance of my address, I feel that I must 
avail myself of the privilege as a President to wander from my object and 
speak briefly of a matter that is very much in my mind. I refer to the 
teaching of Geology and Geography in our colleges and universities. The 
necessity for the education of these branches of science is now universally 
admitted. Geology and Geography as fundamental sciences have not 
always been — and still in some quarters are not— recognised by other 
scientists in our country. The present system of education omits to give 
as much importance or rather that which is due to these branches. But 
I hope that this appeal of mine may reach beyond the walls of this room 
and convince the college and university authorities that these fundamental 
sciences have a message of vital importance to mankind. The aim of these 
sciences, as you all know, is to decipher the records of past life, and to 
transBite the story into human language. One of the crying needs^of the 
dav is a sound education In these sciences. The fundamental distinction * 
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between education and training is one which is ' very apt to become 
blurred. Training for some specific taste should follow, not accompany, 
the process of education. 

Systematic and scientific teaching of these subjects in India has 
begun very recently and up till now only a few colleges and universities are 
teaching them. There have always been a few, however, who recognised 
then, and even now, that our universities had a wider part to play in their 
education.* It is high time that these ‘sciences were considered as 
fundamental sciences, and their importance to mankind in general were 
properly realised in this countr^\ In India there is a tendency in some 
quarters to look upon basic research as a luxury, — pleasant, satisfying but 
unnecessary. This is linfortunate because the research ability and effort 
of its people constitute the greatest resource of the nation. The whole 
progress of science depends on filling in the gaps in our knowledge of the 
nature of things. In the case of basic research, we simply know that 
we are on the trail of a fact which explains something not previously 
understood. 

This period might well be called the ‘'Age of Getting Together’*. 1 
hope and believe that we are at the beginning of a new' era of closer 
co-operation and better understanding. Having unburdened m^^'self of 
these remarks to wdiich I have been impelled by a haunting fear that 
proper attention, importance and place are not given to these sciences, 
I x)ropose to pass over to the subject of today’s Address. 

Evolution of the Island and Topography 

Long before the dawm of history, possibly prior even to the advent of 
man upon the earth, Bombay formed a x)art of the mainland of India. 
Successive earth movements subsequent to the volcanic activity must have 
caused faulting along the present wc.st coast of India and the portipn 
which originally was to the west of this fault line w^ent down into the 
sea ; and this abrupt stoppage or scarp-side near the Bombay coast is the 
result of this faulting. The age of this faulting is post-Deccan Trap and 
probably as late as Pliocene. This is quite evident from the fact that the 
Deccan Trai)s arc several thousand feet thick along the Bombay coast 
and gradually thin down eastw^ards. About this period the existing ridge 
of the Western Ghats must have broken up into several islands lying off 
and fringing the western coast of the Peninsula. The present Island of 
Bombay is one of the multitude on the w estern shore of India. 

Ptolemy, the Alexandrian scientist, was the first to vaguely designate 
(A. D. 150) Heptanesia, as a locality situated on the Pirate Coast, betw^een 
Bombay and Goa, which Lassen identified with Bombay, the harbour of 
wdiich w'as believed to be funned of seven islands. In fact the present 
Bombay Island is constituted of seven islands. These islands, starting 
from the south, were (Map I) : 1 . Colaba ; II. Old Woman’s Island ; 
III. Bombay (central island) ; IV. Mazagaon ; V. Parel-Sewri-Sion ; 
VI. Mahim ; VII. Worli. The.se seven islands wx^re separated by narrow^ 
creeks from one another often contracting to a few' scores of yards in wddth, 
some dry at half-tide, and widening and deepening as they approached 
the sea. The islands except Mahim for the most part rose into round or 
nearly flat-topped hills, varying from 100 to 200 feet in height. 

When man made his first home in the clusters of these islands, he 
w^as yet in the Stone Age, Some pateolithic implements have been 
collected by De Terra, Col. Todd and Kalapesi from Kahdivli (Bombay). 
It appears tliat the Kolis (the aborigines who occupied these islands) 
broughf with tliem, most probably from Gujarkt, their patron goddess, 
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wtiich under the title of “Mumm"' is still worshipped as a village goddess 
in Kathiawar. Regarding the origin of Bombay, the derivation is believed 
to be from the tutelary deity of the then islanders — ‘‘Mumba Devi'* or 
“Mumba Ai*', the patron deity of the Kolis. The Hindoos even today 
speak of the city as *l\rtimhai'. Her temple first stood on the central 
island, that is, the third of the group, which in course of time during 
the Portuguese po.ssession, grew to be called ‘Mombaim*. Later on, 
during the ‘British occupation; this gradually changed into Bombay, and 
spreading to the other six islands ultimately affixed itself to the whole 
Province. Her shrine was situated in the immediate neighbourhood of 
the site now occupied by the Victoria Terfninus of the G. I. P. Railway. 
Later on (about 1750) the temple of Murnbd Devi was removed to its 
. present site, at the south-west corner of the great Mumbadevi Tank in 
the very heart of the city. 

* The history of Bombay commences in 1534 with the cession of these 
islands to the Portuguese by Sultan Bahadur of Gujarat. Thus the 
‘Heptanesia* passed from iMahommedan into Christian hands. In 1661 
the marriage treaty of Charles II of England was signed, and the mixed 
dowry brought by Portuguese Princess Catherine included these seven 
islands. Afterwards these islands were given to the Honourable East India 
Company in 1668 at a nominal rent of £10/- per annum. The Hon'ble 
East India Company came to an end with the Mutiny, so that in 1857 they 
reverted *to the Crown. About 1673, the original seven islands had become 
four. This was effected b}’ the silting ui) of the breaches and overflowings 
of the sea in some places. The four islands were: (i) Colaba and Old 
Woman's Island ; (2) Bombay, Mazagaon, Parel, Sion and Dharavi ; 
(3) Mahim ; and {4) Worli. The remaining islands liave been gradually, 
by the end of the eighteenth century all welded together by raised cause- 
ways, embankments and by the filling up of estuaries. The shallow 
channel between Sion and Trombay was also silted up ])y the middle of 
the nineteenth century. 

The southernmost of these islands (Xo. I) lay as a narrow tongue of 
rocky land, now called Colaba. The Kolis lived here in this island, which 
thereby acquired the title of Kold-bhat — the Koli hamlet, now Colaba. 
Formerly Colaba was divided in two by the sea. The smaller half (No. II) 
bore the title of ' Al-Omanis Isle’ or the Island of Deej^-Sea Fishermen. 
With the advent of the English this changed into Old Woman’s Island ; 
the two were welded together by a causeway. 

Going northward there was a wider channel, and to the o]>i>osite side 
of it there appeared a curiously-formed land resembling in some degree 
the letter *IV ; this was (No. Ill) the central island (Bombay), Map I. 
The channel between Old \A"oman’s Island and this island was crossed by 
a feriy'-boat worked on a rope ; the distance between the jumping off spot 
from Old Woman's Island (Lower Colaba) to Apollo Bandar on Bombay 
Island was 300 yards. The creek was filled up and a causeway was built 
in 1858, The western portion of this was composed of a ridge of hills 
(Malabar and Cuniballa) covered with rough jungle ; the Malabar Hill 
runs down southward from Walkeshwar in a point into the sea. The 
n^me is supposed to have been derived from ‘Valuka Ishwar', meaning 
'Sand -Lord* ; the Linga is supposed to have been erected there when 
'Rama' was on his journey to 'Lanka* (Ceylon). The Walkesliwar 
temple was erected in honour of this 'Sand-Lord*. From the eastcra edge 
of its nearest promontory going northward there was a rude landing- 
place or beach used, doubtless, by the alx>riginal fishermen ; around tliis 
spot* had grown up a species of shrub or tree, and the place was known 
as '*P&llav Bandar" — ^the*harbour of clustering shoots, From "Pttllav* to 
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'Tdllo'" and final alteration daring the English ocrcppation to Apollo; 
the Apollo Bander is one of the best known places of present Bombay. 

The place now occupied by the Fort and the Esplanade as well as a 
part of the Native Town up to Pydhoni belonged to this island. It is 
probable from the aspect of the shore (Back Bay) that this had a direct 
connection with the hilly ridge tMalabar-Cumballa) on the west by a sandy 
ridge between the present Girgaon Road and the sea. A vpry slight 
diminution of- the existing height would have allowed the sea to sweep 
clean through from Mahim and Worli to Back Bay — present Chaupati. 
The word Chaui)ati really means '‘Chow-paiV\ i.e. four channels ; it 
might have formed four channels in the neighbourhood of Girgaon. The 
sea then flowed through the Worli and Mahim breaches at high tides and 
swept over those regions which now form the central sections of the 
city — the ‘Flats’. Girgaon is derived from **Giri-grcima '* — the hill-village, 
which was situated at the foot of Malabar Hill in the neighbourhood of 
Back Bay. The eastern side of this landmass was bounded from the north 
by a rocky ridge, which was called 'DongrV or the hill tract. 

This island was severed from the next (No. IV), Mazagaon, by 
Umhar-khddi—a creek of the “Fig-Trees” (Fecus glomerata) and “Pai- 
dhonV\ meaning Foot-wash. Pydhoni, which is situated in the neigh- 
bourhood of i\Iuin1)adevi, was a ferry where persons arriving from Maha- 
lakshini, Mahim and SaLsette by boats used to land after crossing •Umbar- 
khadi creek, and get their feet washed in a shallow creek (P3^dhoni) in 
approacliing Bombay (the central island) on foot. The neighbourhood of 
the Mazagaon Gaol is termed Fmbar-khddi ; *KhddF is the word which 
is generally ai)idied to salt-water creeks, dry at ebb-tides. This breach 
on the eastern side — Uinbarkhadi — had apparently been silted up by the 
time the Britisli occupied Bombay. Passing across the Fig-Tree creek 
(Uinbarkhadi) to the shores of the fourth island we enter the ‘Fish- 
village’ or '' Machha-grdma* ; and going westward on that island was a 
level stretch of land extending as far as the marshy domain of the sea, 
the present Byculla. 

After Mazagaon, going northward, across the ocean’s intercepting arm 
there came the fretted coast of a large island, Parel-Sewri-Sion (No. V) ; 
when the British got these islands, tiie creek betw^een the fourth and the 
fifth islands seems to have been almost silted up. In the extreme south 
lay a tamarind-covered valley, called *'Chinch-poklV\ the dale of 
Tamarinds (Tamar indus Jndica), now’ known as Chinchpooghly. The 
valley was succeeded by level ground, containing the village of Parel, 
enclosed on the east by rising ground and on the west by the sea. On 
the eastern side of the rising ground lay a small promontory called ''Shiv- 
vadV or '^Shivadi*' containing a shrine of 'Shiva' ; from 'Shiv-vddV to 
'ShivdrT and then to ‘Sewri*. Lastly on the verge of this long island lay 
the Boundarydiamlet, **Simva*\ i.e, limit or boundary ; it is now called 
Sion. It was the last inhabited spot before one voyaged across the strait 
(Mahim river) to the island of "Shdshashti" or sixty-six villages, now 
Salsette. On the north-east comer of this island is a hill on which was 
built a fort — the Sion-. Fort. The breach between Sion and Mahim \vas 
filled up about 1710-1712 ; thus the fifth island was joined to the sixth — 
Mahim. Formerly, Trombay was separated from this (the fifth island) 
by a bay and mud flats of the hirbour ; this swampy area w^as gradually 
silted up ; later on the low^ land between Sion and Trombay was reclaimed 
and roads were built ; thus Trombay became a part of the Bombay Island. 
Towards the south at the foot of the Trombay hill, about 1,000 fett high, 
is a tomb, called Pir Pav. * 
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/ To the west of the fifth island (Sion) was Mahim (No, VI), one of 
the oldest known, which begins just after the embankment from Sion- 
Dharavi. On the north-west point of the island is Mahim town. In the 
historic times, about 1300 A.D*, this town was a city called ‘‘Mahikavati** 
and hence the name ‘Mahi* or Mahim has been derived. It was the 
capital of Bhim Raja. During the Mahommedan suzerainty, the shrine of 
^"Kdlkd DevV or goddess of the aboriginal Kolis w^as removed 

to the central island (Bombay) of our Heptanesia. This has eventiially 
left the legacy of its name to that modern road of the city, ‘K:Tdkadevi* or 
'Kalbadevi' Road. The Mahim Fort was. situated upon the western point 
of the island in a low, sandy foundation. There was the old Bandar, on 
the opposite side of the Mahim river, present Bandra ; there was a ferry- 
boat employed constantly in carrying over passengers. From the Mahim 
Fort to the southern end of this island ^vhich has been joined to the 
seventh island — Worli, there is a fine large bight, between the Worli 
Fort and the Mahim Fort, called the Maliiiii Hay, in which there is a 
beach called the Mahim ^nds. The beach is a few feet abov'e high- 
water mark and it chiefly ] we vents the sea from overflowing the centre of 
the island ; here there are no strong waves or serfs. This island, unlike 
other islands, is sandy. 

At the extreme south end, Mahim (No. VI) was separated from the 
seventh island — Worli, by a breacli or channel ; though at low- water it 
was mostly dry, at high or spring tides it was not pas^able on foot. This 
breach, between ^lahiin (No. VI) and Worli (No. VII,', was dammed up 
about 1712. Rocky and narrow, this island (Worli) lav like a carelessly- 
placed barrier in the path of the tide stemming the direct onslaught of 
the ocean, yet allowing it at the .same time to creep through breaches at 
both the extremities. The most noteworthy feature of this island was a 
fine grove of Banyan Trees (Fecus Bengalensis); and this led to the name 
^'Wad-aW — ‘Banyan Row*, being applied to the whole island. Later on, 
it became “War-ali” which has now become ‘Warli* or ‘Worli*. 

Worli, the last of the .seven islands, is situated on the western bounds 
of the Bombay Island, and there were two breaches at the extreme ends 
of it. It is mostly a high, rocky land, running in a continued ridge. At 
the extreme northern jx^int, on a steep promontory, jutting out intf) the 
sea is the Worli Fort. The town, situated at the foot of the hill on 
which the P\>rt stands, is lying along a fine sandy beach. Near the town 
is a spring of palatable water. Here there is a landing-])lace much used in 
the past. At the southern extremity of Worli (No. \TI) the hill falls down 
with a steep, broken descent, and the rock tails out .southward into the 
great breach, the largest of all, between the southernmost point of Worli 
(No. VII) and Mahalakshmi, the north point of Cumballa Hill (No. III). 
The Vellard (from Portuguese, VeJlado- fence) between Mahalaxmi and 
Worli was con.structed during the Governorship of Mr. Hornby in 1783. 
This breach is known as 'Breach Candy*, meaning the breach at the 
mouth of the hollow or pass. The word .seems to have been locally applied to 
the break or gap through which the sea flooded the 'Mats*; while 'Candy* is 
th« old spelling of the word *Khind\ meaning a pass. Through this breach 
the tide would come racing over the Byculla 'Flats* sweeping across the 
w^hole Bellasis Road, thence to Grant Road, invading Khetwadi, and also 
swept past through Duncan Road, onward through the Bhendi Bazaar, and 
quite up to and northward of the identical spot known as Pydhoni. 

The building of the Hornby Vellard rendered available for settlement 
and cultivation the wide stretch of the 'Flats*, and resulted* in the yelding^ 
of the eastern a;|d western shores of the Island into one united landmassi 
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the present Bombay Island. The Island of Bombay,, thus artificially con- 
nected, throws out a long projection southwards from one (western) ex- 
tremity forming the Malabar Point (Walkeshwar Point) ; ..while the other 
(eastern) stretches out southwards nearly parallel to Malabar-Cumballa 
ridge, but extends much more seaward (Colaba Point) . The two promon- 
tories terminating at the Malabar Point on the south-west, and at the 
Colaba Point on the south inch*ide a great bight (Back Bay) between them, 
Mtip II. • 

From the Malabar Point (Walkeshwar) to the Cumballa Point 
(Mahalaxmi) is a fine bold ridge of black lava (andesite) nearly three 
miles in length and about half* a mile across, maintaining an elevation 
close to 200 feet above the sea. The princii)al feature of this ridge is 
that it is more or less precipitous towards the east, while it slopes more 
or less suddenly towards the -west. The ridge continues on to Mahalaxmi 
^\’here it sinks under the level of the sea ; from this point for about half, a 
mile the ridge disaj)pears under the sea. It re-appears in the eminence — 
the Ram Hill (Love Grove) and it once more disapi>ears under the sea and 
once again re-appears just beyond forming the edge of the Worli Hill. 
At Worli village it disappears under the sands and alluvium ; then it rises 
suddenly across the Mahim creek at the promontory of Bandra, and con- 
tinues as a great sea-wall all along the western shore for ten to fifteen 
miles at least towards the north as far as Danda (Salsette). 

The other rocky ridge (east shore) extends from the Colaba Point 
(Lighthouse) on all the way to the Sion Fort, on the eastern side of the 
Island, facing tlie harbour. Instead of forming one continuous ridge, like 
the one from Walkeshwar to Mahalaxmi it often sinks down to the level of 
the sea, where it is covered over with alluvium, and is only traceable in 
wells, quarries and other excavations. It sometimes rises into knolls, some- 
times into little hills of about 100 feet in elevation, e.g., Mazagaon Hill, 
Sewri Hill, Parel Hill, etc. 

The present Island of Bombay consists of a low-lying plain (almost 
perfectly flat, about a fourth of it being in reality under the level of the 
sea) about eleven miles long by about four miles broad, flanked by two 
parallel ridges of low' hills, which intensecting below^ high-water level 
beyond Colaba, form the dangerous reef marked by the Prongs Light- 
house. It covers an area of about thirty square miles, and is united at its 
northern extremity witli the larger Island of Salsette and so it is continuous 
\vith the mainland of India, by means of two causeways, one at Mahim 
and the other at Sion, and two railway embankments and bridges, Map II. 
The shape of the Bombay Island as a single landmass is more or less trape- 
zoidal ; and its location may be given as Lat. iq^N. and Long. 72^ 30'E. 

With respect to its relations with the mainland — India, the Bombay 
Island is separated in the north from the mountainous Island of Salsette, 
by a channel (estuary of the Mahim river) narrowing to a part not more 
than about 120 yards wide. To the south and east of Bombay is its 
harbour, in which there are several mountainous islands (e.g., Elephanta) 
that lie scattered betw^een the Bombay Island and the mainland of India. 
The harbour or the estuary is about eleven miles long and about six mijes 
across in its widest part. 

We have just seeil the gradual evolution of the Bombay Island, as a 
single unit, from seven different islands, and now we shall have a glance 
at the varieties of rocks in a small Island like this. 

Rocks : Their Occurrence and Principal Features 

Hejre I intend to give an account of the various rocks found in the 
Island confining myself chiefly to descriptions of observed facts. 
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Geologically the Island api>ears to consist of a conformable series of the 
Deccan Trap lava flows, intercalated with the fresh-water sedimentary beds. 
The general dip, of the rocks is lo^ to 15^ towards the west ; and the general 
strike is N. 10’^ E. to S. 10^ W.; this dip, which has given the rocks 
of Bombay a ridge-like appearance, is, most i)robably, dne to the distur- 
bance after the consolidation of the highest Deccan Trap flows. The rocks 
are well seen in the hills of the western and eastern ridges, while the 
central plain — the Flats — is covered with recent alluvial deposits. 

Though the Deccan volcanic activity is supposed to have come to 
an end after the highCvSt lava flows, yet, in this Island, it seems to have 
lasted a little longer ; during this period (here were local effusions of lava 
that penetrated between the sedimentary beds underlying the highest lava 
flow and the basement flow of the Island. Tliese effusions are called 
“ A'^condary-eff visions to distinguish them ivoin the i>rimary flows. It 
appears that these Acrendan-eff visions must have taken place during the 
foundering of the land which extended towards the west of the i>resent 
coastline of the Peninsula after the highest Deccan lava flows had 
consolidated. 

I have followed Carter’s plan and also used his Geological Map to 
describe the occurrence of variovis rocks in the Island, with some incxli- 
fication as regards rock-names. The various rocks are divided into four 
periods,, which are still open to question. The third period is again 
sub-divided into four effvisions ; the first being the last of the Deccan Trap 
lava floAvs (the highest in the series); while (tri second, {h) third and 
(c) fourth being Accondarv-effusions, ]\Iap III. 

The First period or the earliest as far as Bombay is concerned was 
ohe of the later volcanic effusions of tlie Deccan lava flov\s (probably the 
last but one) Avhich forms the basis (suKstratum) of the Island. 

The Second period was a period of quiescence during which the fresh- 
water, lacustrine strata were det>osited. To this j)eriod belongs the well- 
known fresh-water formations of Bombay, wliich are tlie youngest atnong 
the inter-trappean sedimentary beds. I’hey are the oldest sedimentary 
rocks exposed on the Island. It is possil)lc tliat this lacustrine fresh-water 
defK)sit originally extended all over the Island of Bombay and further. Its 
]>resent position in some localities ap}>ears to l>e under the overlying 
liighest lava flow' of the series and resting on the amygdaloidal basidl, w hicli 
is a subseqvient scrondarA -effusion of the nature of an intrusive slieet (a sill). 

The Third i>eri<Ki was the period of the last volcanic effusion of the 
Deccan Trap lava flows forming the highest and, therefore, youngest lava 
beds in the serie.s. After this there were Hirer minor and local effusions 
in tlie Island, which, very probably, are resiK)nsible for the present topo- 
graphy of the Island. This highest flow caps tlie main ridges in Bombay 
and was, probably, continuous all over the Island ; and it also overflowed 
the then jdain of Bombay having fresh-water lakes and .swatiqis. The flow 
then must have been horizontal all along ; and its westward dip must have 
been imposed upon it later on by. those subsequent .vccowdarv-effusioiis. 

^ (a) The **secondary-eff\xsion*\ subseviuently coming vip under this 

main Bow (the highest lava flow of the Deccan Trap) and not finding a 
ready outlet forced itself, forming a sill (amygdaloidal basalt and gteen- 
stone), between the basement lava bed and the fresh-water strata, under- 
lying the highest kva flow, intercalating and breaking them up. This 
effusion apparently could not burst through the overlying highest kva 
flow; and was, most probably, res|x)nsible for raising up Ahe loni5Jtudinal 
ridges, bordering the eastern and western sides of the laknA. 



(B) Section IV, Geology and Geography : Bombay Island. , 53 

‘ (6) The next **secondary-eSusion*\ which is. termed as Volcanic 

Breccia took place after the preceding effusion which consolidated iftto 
the amygdaloidal basalt and greenstone, is proved by the. presence of the 
fragments of the previous effusions as well as those of the fresh-water strata 
in this rock. It is of wide extent, composing the plain and chain of small 
hills which bound the north-eastern part of the Island. The volcanic 
breccia of Sion points to the existence of a volcanic vent at no very great 
distance from where it is found. In Bombay, probably, there .are places, 
which doubtless were the foci of volcanic eruptions later than those which 
formed the highest Deccan Trap lava flows. These, as marking weak 
points in the earth^s crust, may also have vents for the earlier erup- 
tions, and may now be lying beneath the waters of the harbour and the 
sea outside. 

(c) Lastly, there is a record of one more secondary-effusion after that 
of the Volcanic Ash and Breccia. The occurrence of this was proved by 
the existence of 'Dyke-like Volcanic Breccia* through the volcanic ash and 
breccia beds. These dyke-like masses were rather rare, being noticed in 
restricted places in the north-eastern part of the Island. 

The Fourth period (or the last) was the one when all volcanic activity 
had stopped for ever, and the deposition of estuarine-claj^ and marine- 
sand began in the area ; this seems to belong to, probabl}^ the newer- 
Pliocence period. After the partial depression, this process of deposition 
started in some arCas which were lowered do^vn below the sea-le\'^l. The 
strata, from the lowest, are comix>sed chiefly of (i) The Blue Clay (Sub- 
merged and Reclaimed Silt) imposed upon the Traps or on its weathered 
surface. Above it comes a stratum of (2) Shell Concrete (Raised Sea 
Beaches ; it is the marine-sand composed wholly of sea shells, that lived 
belo^v the low-water mark, and corals, and cemented together by calcium 
carbonate. In places, it is caked together into compact masses to which 
tlie name has been given of 'Littoral Concrete*. Lastly, over this comes 
(3) tlie Alluvium (Lagoon Formation) ; a recent formation about ten feet 
above sea-level. 

Fresh-water Formations.— They are the oldest beds exposed on the 
Island. They consist of more or less indurated argillaceous or argillo- 
calcareous shale with small quantities of coal in some parts of the Island. 
They lie immediately below the highest lava flow of the Deccan Trap 
scries. These aqueous strata by their fossil contents (frogs, cyprides etc.) 
are i)roved to have been deposited in fresh-water lakes. The argillaceous 
shale appears to have been deposited generally in thin layers of impalpable 
])owder (ash). Tow’ards the low^er part of these beds are found in abundance 
skeletons of small frogs. Their bodies have evidently been deposited 
near the vSpot where they died, as the wdiole skeleton is often found perfect. 
In some cases the skeleton appears to have been dragged along the surface 
of tlie shale in wdiich it is entombed, and probably this might have been 
by the wind. Tortoises were collected some years back in the thin stratum 
of this lacustrine formation, which w^as then exposed in the scarp of blue- 
black trap at the foot of the NawTojee Hill (Mazagaon) wdiich no longer 
exists. 

These small-sized frogs were first described by Owen in 1847, as Rana 
pusilla, Stolicza re-examined them and transferred them to the genus 
Oxyglossus (or Oxydozyga as it is now known) in 1869. Noble in 1930 
recognised the bufonid nature of these frogs and transferred them to the 
genus Indohatrachus, which was created for their reception. Chiplonker in 
T940 dis cover ^ a new species associated with Indohatrachus pilsillus 
•(Nobley*; awSTlie named it as Indohatrachus trivialis. This#new species has 
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a little loutish appearance as coin])ared to the former {pusillus). The 
^enus Indobatrachus has its nearest allies in ^onie of the living Australian 
bufonid genera*, 

The oiitcroi) of the fresh-water heels at the Love Grove cut is almost 
under high-water mark. The beds that protrude from under the Malabar 
Hill seem to be an extension of those seen at IMahalaxmi, at Mama 
Hajidni (a small island oi>i)osite Mahalaxmi), at Love Grove and again 
at Worli Hill. A carbonaceous shale, with impressions of frogs, can still 
be seen on the eastern side and at the foot of W^orli Hill, below the thick 
mass of moorum and tra]> ; here the frog-bearing feeds are about 25 feet 
above the mean level of the sea. The* layers below the lowest frog- 
bearing bed at Worli appear to have been broken into and partially fused 
by the subsequent secondarv-eiln^ion coming in contact with them. But 
at Sewri the aqueous beds seem to have been contorted, fused and even 
jasperised to a certain extent. This phenomenon may give an additional 
siipix>rt to Carter’s Iiypothesis, namely, that it was the .stroatiarv-effusion 
(amygdaloidal basalt and greenstone) that forced up the overlying beds 
ridge-like. The Bombay fresh-water beds are exposed on both the sides 
of the Island and they run out into the sea ; they are, nK)reover, continued 
in Salsette. They also ixirtake in the westward dip noticed in the highest 
volcanic lava flow, which they underlie. It is }>robable that no descrip- 
tion of these aqueous formations, which is true of one place would wholly 
apply te another place. The fresh-water beds at Worli are being rat»idlv 
<|uarried away ; and at the j present rate of (piarrying these valuable and 
interesting frog-hearing bed^ will soon l>e completely wiped out, like those 
tortoise-bearing beds at Nawro;ee Hill (Mazagaon). 

Andesite . — These are the highest lava flows that cap the ridges 
(Malabar, Cumballa and W orli) on the western side of the Island from 
Walkeshwar to the W\>rli Fort. They rest immediately on tlie fresh-water 
strata, but are nowhere seen being j pierced by any of the secondary- 
effusions. It is ma.Nsive, compact and from bluisli-black to Idack in 
colour ; it is very strong and tough and jiiaik> glass. Its sp. gr. is 2 85. 
The rock breaks couclioidally and it is being (jiiarried to a small extent 
for use as rubble and metal in the foundations of Iniildings. For road 
making the metal is not (juite suitable, the angular fragments being loo 
sharp. Also it has no building proi>ertics. 

It is often intersected by bexagonally reticulated quarlz veins ; in some 
places it is tra\ersed by strong joints, helweeu which large sj>aces have 
been formed, or tlie rock is intersected by joints leaving great idllar-like 
columns detachetl from the rest of the cliff. On the face of the ^lalabar 
Hill overhanging Back Bay it is rudely cohiinnar and is .stratified in tlie 
Worli Hill area, showing hexagonal prismatic arrangement. It is a very 
noticeable fact that the whole dej)th of rock on the eastern side of W^orli 
Hill has decomposed into moorum by concentric disintegration of the 
trap, leaving round cores of various sizes. The larger and less weathered 
ones still show' the typical trap characteristics. It is rather strange and 
I>eculiar why this trap, w hich apparently is liardet* than the other varieties, 
has weathered here at \VorIi Hill U) such an extent as to i>roduce a bed 
of moorum over 100 feet in thickness. Tlie other hills in Bombay are 
covered with a comiiaratively thin layer of soil. 

The unweathered rock presents an ai>f)earance unlike that of any 
other trap rock in Bomliay. Its main difference from the gray basalt of 
Colaba or the greenish-gray trap (grcen.stone) of Parel and Sewri of the 
eastern ridges lies in its black colour, its compact structure and minute 
texture, and its more rectangular disintegration. This rockjs alsp found 
at low^-water mark about the little island — Mdmd Hajidni, oppls^jiite^onibj^ 
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Vellard ; this marks practically the centre of the vanished portion of the 
range. The island upon which the dargah (tomb) stands is also composed 
of this rock, which extends northward and constitutes Love Grove and 
Worli Hills. Thus this rock forms a vast sea-wall from the Malabar Point 
to Band r a and even as far north as Bassein. 

Carter thought the rock *of the western ridge (Malabar) and the 
rock of the*castern ridge (Colaba) to be part of one and the same* formation 
and so he included both these rocks under one term ^‘Basalto-Dioritic 
Tract*' as shown in Map III. It has been found that the Malabar-rock 
is somewhat different from the Colaba-rock and so the former is termed 
‘Andesite*, while the latter is called ‘Basalt*. 

Basalt. — It is a compact, hard and gray trap, which resembles the 
normal basalt of the Deccan* Plateau. The sp. gr. is 2‘Qi. Apparently 
this rock forms the hills of the eastern ridges, except those l>ordering the 
north-eastern part of this side of the Island ; and it ap])ears to extend 
continuously from the southern extremity {Colaba Point) to the northern 
extremity (Riwa Fort). It also forms the Trombay Hill. The apparent 
continuation of this rock is interrupted by breaches or breaks here and 
there ; and it diminishes in height towards both the extremities. This 
rock forms the whole of Colaba and the eastern part of the Fort and the 
Esplanade ; it, ]>roba})ly, extends into the harbour on one side and appears 
in Back Bay again on the other. According to Wynne, these tra^) flows 
though apparently nearly horizontal, yet, taken collectively, seem to hav^e 
a slight dip to the north-west. 

Amygdaloidal Trap. — It is a variety of the secondary -effusion, that 
penetrated between the basement lava flow and the fre.sh-water formatiop 
and consolidated there forming a sill. This rock is greenish in colour, 
not very hard and breaks with a splintery fracture. It is generally vesi- 
cular ; the vesicles contain secondary minerals like calcite, quartz or zeo- 
lites, forming amygdales. This rock is often seen to pass into solid 
greenish trap, resembling dolerite, which is here termed ‘greenstone*. 
This rock constitutes most of the hills in the eastern ridges, especially in 
the neighbourhood of Parel, ChindiiX)ogly and Sewri. 

Carter did not differentiate this formation into two distinct rock types 
— ‘amygdaloidal trap’ and ‘greenstone* — and so he included both, amyg- 
daloidal trap and greenstone, under one tcnn “Amygdaloid”, as shown 
in Maj) III. 

(rreensionc. — It is chiefly a variety of amygdaloidal trap {secondary- 
effusion). It is generally found associated witli and often passing into 
amygdaloidal variety. The rock is principally a gre\ush-green trap with 
an appearance, when coarse-grained, of a dolerite. It is here called green- 
stone just to distinguish it from the normal grey basalt of Colaba. 
^Altliough this rock, locally varying, still so closely resembles the trap that 
there is no reason to doubt its belonging to the same group. It is compact 
and hard ; its sp. gr. is 2’9. It is greenish to greyish green in colour ; 
but when exposed for a time to the weather, it becomes darker and marked 
with small si>ots. It breaks up in masses of any size ; it is easily dressed 
with the hammer and chisel ; it is largely used as a building stone. It 
makes an excellent road metal. The rock is jointed and has a rough- 
bedded appearance owing to the predominant development of discontinu- 
ous horizontal joints. The rock is found in abundance in the neighbour- 
hood of Parel, Chinchpoogly and Sewri. It is sometimes cavernous ; the 
cavities, well exposed in some of the quarries at Sewri, were sometimes 
very big, e.g., 30 feet long, about 20 feet wide and 7 feet high. The sides, 
roof an d * Ik i ^ ^^ ce of the bitumen on the floor of these* cavities were 
studded with beautifully fonned crystals of secondary minerals. 
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" The secondary minerals are: (/) Calcite or calc-spar is abundant and 
often occurs as a rhombohedron either flat or steep, nail-head spar and 
dog-tooth spar ; it also occurs as barrel-shaped crystals. (2) Quartz crystals 
are widely distributed ; occasionally, beautiful, little doubly terminated 
coMiirless crystals are found ; it is generally colourless and transparent 
but sometimes violet or black ; and sometimes it foms stalactites. 
{3) Zeolites of which the following varieties have been noticed are, as a 
rule, beautifully crystallised with brilliant and glassy crystal -faces and 
often with delicate colouring : (a) Stilbite is usually white and the crystals 
are grouped in sheaf-like aggregates, this, form being a very characteristic 
feature of the mineral, (b) Prehnite is of a sea-green colour ; the individual 
crystals are closely aggregated in radiating forms, with rounded external 
surfaces ; the botryoidal forms (like a bunch of grapes) being specially 
characteristic of the mineral when taken in conjunction with the pale 
green colour, (c) Apophyllite is milky white to colourless ; it occurs in 
thick rectangular t)risms with often truncated summits ; it is remarkable 
for the size and perfection of its tetragonal crystals ; at times forms occur 
with a cube-like asf)ect. (d) Natrolite is cloudy or opaque, and of a white 
or pinkish colour ; it usually occurs in slender, acicular crystals ; the 
crystals often have the form of very delicate needles growing out in thick 
clusters from the surface of the rock ; frequently the needle-like crystals 
or flbrCiS are closely aggregated in compact, radiating groups, (e) Analcite 
(analcime) is often colourless but sometimes reddish-white or |)ink ; the 
very common form in which it occurs is trapezoliedron. {/) Thornsonite 

is generally white in colour ; usually it occurs in radiating crystalline 

mjisses and sometimes columnar ; sometimes it occurs in si>herical massive 
forms also radiated with several centres and of varying c<ilours, hence of 
much beauty, (g) Laumontite is generally white or yellowish in colour ; 
it is translucent when first exj^osed, but becomes ojiaque and brittle on 
e'xix)sure; the water is held so loosely that it escapes in a dry atmosphere 
and the transparent glassy crystals crumble to powder, (li) Scolecite 
(Scolezite) is white in colour ; usually occurs in tufts composed of very 

delicate acicular silky crystals ; also sometimes it is in fibrous forms, 

nodular or radiating prismatic crystal groups, (z) Heulandite is generally 
white or brown in colour ; it often occurs in globular forms with pearly 
lu-stre. 

Volcanic Breccia, — It is composed chiefly of angular fragments of 
various sizes of the fresh-water formation and of the foregoing effusions 
cemented together in an ashy matrix. Its structure changes greatly. Its 
colour changes from reddish to greenish but its mixed, mottled and hetero- 
genous appearance distinguishes it from other rocks with which it is 
generally associated. This typical formation is exposed in a large tract, 
which extends from Camac Bandar to Sion Causeway. At Sion thc^ 
hills are more or less conical, rising somewhat abruptly from the muddy* 
flats. These conical hills are formed of reddish-brown breccia. 

Dyke-like Breccia, — These were not greatly different from the breccia 
just de.scribed, but somewhat more conqiact and of slightly different 
texture. It is not possible to locate them now', but Carter has described — 
“There is a dike of it (breccia) seen passing np through the westernmost 
of the hills at Sion. These dikes, then, constitute a fourth EflFlision, from 
their passing through the third effu.sion*’, Wynne has remarked — “Dyke- 
like masses occur in the volcanic breccia of Sion, but from their similarity 
to the neighbouring rock, it is all but impossible to say that they do not 
owe their appearance to the occurrence of parallel master-joints/* 

Lydite-like Rock . — is a peculiar black rock that Antop 

Hill. The hill is more or less conical, rising somewhat abruptly ; and so 
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it ii an exception to other trappean hills. The wh 4 le rock of this hill is 
of a curious, compact and almost flinty kind. It is jet-^black in colour andf 
unless very closely examined the rock may be mistaken for the lava flow 
(andesite) of Malabar Hill. A very careful examination,* especially in 
hand-specimens, discloses characters of a sedimentary rock, baked and 
hardened. It has a hardness slightly below 6. It is compact and haS a 
semi-lustrous glistening semi-conchoidal fracture. It is traversed by lines 
resdhibling lamination. It often contains crystals of iron pyrites, calcite 
and amethyst, smoky or colourless quartz. Slabs detached from the cliff 
by the weather and lying at the foot of the bill are of a tabular character 
such as might be assumed by a flaggy rock on breaking up. In quarries 
it breaks into small, uneven, splintery blocks. It differs greatly in appear- 
ance from any of the trappean rocks ; also it has none of the appearance 
of a d3^ke — no wall or joint-fissures such as dykes often show, running in 
the same direction as their strike. 

Carter considered this rock to be the result of the action of the magma 
around on stratified clay-beds lower down ; these beds were subjected to 
fusion and subsequently brought up from beneath by a volcanic effusion. 
Consequently, he called this rock a “Lydian Stone”, as .shown in Map III. 
Wynne does not agree with. Carter’s view and he considers this rock to be 
a bnelaphyrc’. He has also remarked that the ridge formed by Antop 
and Muddly Antop Hills was crossed by a fault. 

Blue Clay. — It is a stiff, plastic deposit of clav of a fine uniform 
structure ; it is generally calcareous and charged with common salt. It 
fills up the central or lagoonal depression — the 'Flats’ — of the Island ; it, 
with mangrove roots, is found in wells in lilahim area, and in some w^ells 
around the w^estern portion of the Esplanade. It contains very few; 
organic remains, but is full of mangrove roots. In the Mahim area 
gypsum w^as found in good quantity in this clay deposit. The clay is also 
full of nodular masses of greyish-coloured limestone — the kankar formation. 

LiUoraUConcrcic (BeaQh Conglomerate). — It is generally found lying 
over the Blue Clay. This upper marine formation seems to belong to the 
recent dei)osits, the materials of w hich they consist being identical with 
those now' on the sea-shore. In this formation the material is sometimes 
loose, mo.st frequently it is united by a. calcareous cement into a tolerably 
firm shelly rock. It is chiefly found on the northern and southern sides 
of the Island. Thus \ve see the chief accumulation of this material ex- 
posed at Mahim and in Back Bay. It was seen exposed at the Light- 
house, along the shore of Pilot’s Pier and constituting a part of the Colaba 
observatory compound. It was also found below’ the Esplanade, and some 
twenty feet bclow’ Dhobitalao area. 

Upper Alluvium (Lagoon Formation). — It is the uppermost and most 
jrecent formation ; it is met with all over the ‘Flats’ in the centre, and 
salt-pans on the eastern side, of the Island. It is nothing more than the 
sea sludge, comminutted trap, deposited before the waters of the ocean 
were shut artificially by causew'ays and embankments from the region 
where it prevails. 

During 1877 while the excavations for Prince’s Dock w'ere being made, 
the remains of w^hat was evidently a submerged forest, about 32 feet below' 
the high- ter mark, were found. In 1910 during the construction of 
Alexandra Dock, fresh discoveries of a submerged forest w'ere made ; tlie 
soil in w'hich the trees were found rooted w'as at the depth of 40 feet below 
high-wat^ mark. Thus it is •^apparent that the Island, .subsequent to 
cessation of the volcanic activity, has undergone a series of subsidences 
and nphmmkff^ 
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Within a distance of about four miles from east to west across' tha 
'"Island , there is an area of elevation, proved by the existence in the centre 
of the Island of a sea -beach (12 feet above high-water mark) called Phipps 
Oart, near which no sea now comes ; and eastw^ard in close proximity 
there is an area of recent subsidence — Prince's Dock and Alexandra Dock — 
proved by the discovery of a submerged forest. vSir Cyril Fox after con- 
sidering this fact as w’ell as the relative displacement of rocks on each 
side of the Island, concluded the existence of a north-south line of faulting 
(strike-fault) down the middle of the Island. Again it is possible that 
the fresh- w^ater beds exposed on each side of the Island may, probably, not 
be identical. 


Concluding Remarks 

The rocks so far discovered in the Island are : acid rocks at Dharavi ; 
sub-basic rocks in the hills of the western ridges ; basic rocks in the hills 
of the eastern ridges ; ultrabasic rocks in the Trombay Hill ; volcanic 
ash and breccia in the Sion Hill ; Lyditc-Iike rock in Antop Hill ; and 
the fresh-water lacustrine beds (Inter-trappcans), 

The curious fawn-coloured acid rock (‘'White Trap*') at Dharavi in 
the Bombay Island shows a remarkable similarity to that from Kharodiwadi. 
According to Das Gui)ta it may be the result of an effusive stage when 
the basaltic magma was passing to a phase more acid. It appears that at 
DharaVi is seen the southern representative of the series of acid rocks, 
w^hich proceeding in a northw’ard direction arc again found at Kharodiwadi, 
Madh and as far as the hills of Uttan and Dongri in Bassein. Around the 
Trombay Hill {1,000 feet high), which is mainly of basalt, large masses of 
ultrabasic rocks are found in the alluvial flats near its northern boundary. 
In some W'ells in Trombay the presence of this ultrabasic rock w'as also 
noticed. However, this rock seems to occur as dyke-like intrusions in the 
basaltic hills in Thana and Kalyan. 

A series of ultral)asic rocks (olivine-basalt, ankaramite and oceanite) 
is developed in connection with the i>lateau basalts. !Mathur is also of the 
opinion that they appear to occuj>y a place complementary to that of the 
acid series. Here tliey appear to pierce the hasiiltic flows and, therefore, 
they indicate an age later than tlie Deccan Traj)s. Some rock analyses 
and microscopic examinations of the highest lava flow that caps Malabar 
and Cumballa Hills and also Pali Hill iBaiidra), a continuation of the 
former, carried out in our Department, show’ that this trapi>can flow is an 
andesite. 

Regarding the problem of the age of the Deccan Traps, some time 
back a new method of fixing the age by the determination of ‘Lead -ratio’ 
was contrived ; and for this purpose, Sukhesvvala, my former student and 
present colleague, has analysed in our Dei>artment al)out two dozen rock 
specimens. Our preliminary results gave enough encouragement and hope*; 
the method is now^ available for testing igneous rocks. Our investigations 
and results give an Oligocene age for the highest lava flows of Bonibay> 
whereas the acid rock indicates a Pliocene age. These results are not at 
variance with the geological field evidence and j)alaeontological researches 
of Prof. B. Sahni and Prof. L. Rama Rao and his colleagues, and al^ 
the result of the 'Helium-ratio' of Pavagadh basalts (Baro<la) by Dr. V. S. 
Dubey. Still many more analytical results are needed before full jreliance 
can be placed on this new method of 'Lead-ratio^ which gives promi^<^ 
of proving very useful in the determinatio® of the age of the Deccan Traps. 

, The presence of acid, sub-basic, basic and ultra-basic rocks along 
the volcanic ash and breccia and Lydite-like rocks on 
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this, ^ shows that the Trappean rocks of Bombay are somewhat different from • 
the average plateau basalt of the Deccan in their structure and chemical 
composition. With such a diversity of types of rocks occurriiig in Bombay, 
a careful and detailed study of the field relations of these rocks, along 
with their chemical, microscopic and palaeontological examinations, may 
possibly help to determine the geltiesis and chronological sequence of these 
different rocb types. And for this a great deal more field-work will also 
be needed before the evidence can be adequately assessed and relied upon. 

In this brief sketch of the Island I have confined myself mainly to 
combine the observations of most of the geologists, with what information 
I have collected, and to give a general idea of the existing state of know- 
ledge about Bombay. All I have desired to do is to ventilate a subject of 
geological interest. The most that I hope for this Address is that it will 
ultimately stimulate further investigations in this fruitful and fascinating 
field of research. 

Among contemporary workers nothing is more general than the frank 
admission that they are groping in a half-light, tentatively grasping what 
are, at bCvSt, only half-truths. And with every gain in knowledge we realise 
more clearly that we can never really know. From time to time we dis- 
cover a fresh relation between observed phenomena. Our joy, therefore, 
in the search never fails ; we are constantly learning that it is better to 
travel than to arrive. , 

The literature on the various aspects of the subject discussed in this 
Address is scattered through several journals and papers, from which I 
have freely drawn. With such a vast field it has not been possible to 
cite all original sources of information or '^always to give due credit to 
those who by fact or idea have contributed to this many-sided problem. 

I take this opportunity of thanking all those from whose publications 
and works I have derived the subject in one way or another. If, in- 
advertently, I have overlooked any courtesy in this respect, I trust that* 
my apologies will be accepted. In the end, I thank you all for so courte- 
ously listening to me. 
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SECTION OF BOTANY 

president : — T. S. Sabnis, D<Sc., F.A.Sc., I.A.S. 

PROGRESS OF BOTANY WITH SPECIAL REFERENCE 
TO ECONOMIC PLANTS 

(Delivered on Jan. 5, 1944) 

Let me first thank you for the hortour you have done to me by 
electing me President of the Section of Botany for the year. 

In my address I propose to deal with the recent progress in the 
various fields of botany with special reference to economic plants. 
Speaking of science in general we can say that its triumph in gaining 
for us the mastery over forms of life whicli minister to our needs is one 
whose magnitude very few of us realise. Since the beginning of civili- 
zation man has had a direct and vital interest in his food supply. He 
has, during centuries, made ]>rogress in improving the numerous plants 
and Animals which have provided him with food, clothiiig and ornament. 
Howwer, I should not be accused of indulging in astounding journalism 
when I say that during the last three or four generations the progress 
made has been greater than that made in the preceding several thou.sand 
years. No doubt the progress achieved by tlie non-scientific methods in 
those long centuries was good, but it could hardly have stood the strain 
of the modern political problems and helped to satisfy the industrial and 
commercial requirements of this age. 

Lixnng in a war-torn world in which increased production and 
utilization of economic plants and their derivatives call for as much 
industry, organisation and planning as do the other w^capons of war, it 
is comforting to think how much botanists had already done even before 
the war clouds had darkened the horizon, and how much they continue 
to do which will be of benefit to the wT>rld when peace is restored. In 
the space of a brief address it will not be possible for me to do full 
justice to their achievements. I shall only outline in brief the outstand- 
ing w’ork done in plant breeding and genetics, plant geography, ecology 
and various other fields of botany which directly or indirectly have been, 
or are likely to be, of practical importance now or in the brighter days 
that will foIlow\ 


Plant Breeding and Genetics 

Onp of the finst veteran workers W'ho opened the eyes of the world 
to tfife possibilities of the science of plant breeding w’as Luther Burbank. 

, If not a scientist, he was at lea'st a scientific cultivator. In forty years 
his work had added hundreds of millions of pounds a year to the world’s 
food production. He created nearly two hundred species of new fruits, 
vegetables, flow^ers and shrubs. His Burbank Potato and the edible 
spineless cactus for cattle have become history. 

One of the most striking examples of scientific development of crops 
i§ that of sugar-beet. The original beet, cultivated in the days of the 
Greeks and Romans in Europe, had a dry and fibrous-^^r^pt. was only 
in the lattef half of the eighteenth century that the idea ^ose that the 
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plant could be jised for extraction of sugar. The attempts made by 
growers for about jsl dentury to improve the sugar conte.it resulted in 
causing the content to t:ise,,to seven per cent. It was**then that science 
turned its attention to develop the sugar content still higher. In twenty 
years :it, had .been doubled ,and in another . decade almost trebled. In 
properly fertilized crops, e??amination of individual roots has given as 
much as ‘twenty-seven per cent of sugar. .This new source of sugar gaVe 
to tlie, world an important industry and a variety of cheap food hardly 
equalled hf any in the old days. 

It is since the year igooi^ when Mendel’s paper disclosing his dis- 
covery of the fundamental laws of heredity was rediscovered, that the 
new science of modern plant breeding can be vSaid to have originated. 
These laws are common knowledge now and it is needless to recapitulate 
them. One result to which they led was a fresh impetus with which 
work on most cultivated plants was taken up all over the wbrld. The 
old varieties were subjected to selection and purification, new varieties 
tested and systematic efforts at hybridization started. The successful 
breeding of wheats in America closely following upon the creation of 
iNfarquis wlieat, Biffen’s breeding of Yeoman I and Yeoman II in England 
and Howard’s Pirsa wheats in India have now come to be regarded as 
landmarks in wheat growing in these countries. Most of the other 
important agricultural plants like barley, oats, maize, sugargane, rice, 
linseed, cotton and tobacco have been subjected to breeding. In 
India along with wheat the crops to be subjected to breeding 
were cotton, rice and sugarcane. The work of l.eake^^ on cotton, of 
Parnell and others*’^' and of Hcctor^*^ on rice and of Barber^ on sugar* 
cane were followed by further genetical studies on these and other clops 
all over the country. vShaw and others®'^ described inheritance in linseed, 
Rangaswami Ayyangar studied inheritance in various millets, Venkatra- 
nian and Thomas^® .succeeded in producing useful hybrids from crosses 
between sugarcane and sorghum. The investigations of Kadam'"*^'®® on 
v’heat, of Shaw and Bose®®* on oats, of Rarniah Kadam^^ and of 

Sethi and others®'*- ®^ on rice, of Howard" ’ and of Kashi Ram^* on tobacco, 
and of Hutchinson"® on cotton are a few of the many that have been 
carried out. Side by side work on selection and classification of importaht 
cereals like rice by Sethi and Saxena®^ and barley by Bose'b and of oil- 
seeds crops like mustards and safflower by Sabnis add Phatak^®» was 
continued. 

With the information which accrued on the genetical constitution of 
the plants and the behaviour of the different characteristics in inheritance, 
the h^^brid instability ceased to be the bugbear which it was to the old 
breeders. Yet the newer knowledge could not supply to the breeder 
any particular system of selection which would ensure fixity of hybrids. 
It only provided him with a proper perspective of viewing his breeding 
problems, wliich, to say the least, is an important advance in the 
a])plication of science. ^ 

The studies on inheritance led* to the further ciiscovery that inheri- 
tance was correlated with the number and structure of chromosomes and 
that the characters, whether structural or functional, were the result of 
actions of a number of living particles — the genes. The conception that 
the genes are the determiners in the development of hereditary characters 
and that they are transmitted through the chromosomes has been one 
of tlie most imj)ortant revolutions of the biological science of the present 
offered explanation to many hitherto in^^xpHcable 
phenomena and revealed many startling facts. 
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A generation of work on the new science of genetics began to leave 
an imjiression in certain quarters that the claims of genetics .were exag- 
gerated, and that "“the existing varieties had been bred to such^an extent 
that their possibilities were more or less exhausted, their desifable com- 
binations had already been attained, though in many cases the ide^Vbad 
not been fulfilled.”^® But there were workers who continued their 
endeavour and began a search for new genes. Among this band of 
workers the Russian plant breeders occupy a high rank. Under the 
leadership of Dr. I. N. Vavilov they have undertaken expeditions to 
different parts of the world to collect all jiossible species, cultivated and 
wild, which may be of interest to the country to supply food or various 
commercial commodities, such as oils, fibres, rubber, etc. This has 
added a new wealth of genes for increasing the agricultural resources of 
the country. 

This asjiect of Soviet research can best be exemiilified by the work 
on potato. In 1923 the chief Soviet investigator decided that the potato 
breeders were working within very narrow limits. Consequently in 
1925-28 the world^s first potato expedition was des[)atched to explore 
Central and Southern America from Mexico to Argentine and to bring 
back as many varieties as possible. More than a thousand varieties, 
embracing thirteen related species of the potato, were collected although 
so far the* world’s potato breeding had been confined to a single species 
Solanum tuberosum. Many of the varieties possess useful qualities such 
as resistance to disease and cold. Evidently a complete programme of 
work is possible with such a rich collection although it may not be easy 
to get useful results in a short time. But like the other long-range 
programmes of the Soviet Government the research on this crop may also 
be fruitful. 

The United States of America is another country which has been 
introducing useful wild and cultivated plants from all over the world. 
vShe maintains a Bureau of Plant Introduction which is entrusted with 
this work. P'rom time to time expeditions are sent to the j^robable 
centres of origin in the various parts of the world to collect special croj) 
plants and their wild allies. 

Useful work in this direction is being done with potato in India. 
Several varieties of this crop, representing different species, were secured 
by PaP® from South America and these are being grown and subjected 
to breeding experiments at Sinila. 

The new introductions have, in some cases, been found to be naturally 
adapted to and .suitable for cultivation in their new homes. Very often, 
though not so directly of use, they have provided useful material for 
synthetic breeding of new types by means of hybridization, thus giving 
rise to new and desirable gene combinations. The wild types have been 
s|>ecially useful in giving genes for greater hardine.ss and disease -resistance. 

Along with the search for new^ genes attempts were made to discover 
new methods to combine them with the old genes. Hitherto attempts 
to hybridize different species or different genera had brought about little 
success, because even where the artificial fertilization re.sultcd in seed 
development the hybrids i>roduced were usually sterile. The discovery 
that a duplication of the entire chromosome set of the hybrid either in 
the germ cells or in the body cells produced fertile germ cells and 
progeny^^ opened up great possibilities for breeding new varieties and 
species^ through interspecific and inter-generic crosses. This duplication of 
chromosome sets has been brought about by means of by 

treatment with colchicine** and certain other chemicals/* One of the 
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famous intergeueric crosses is between wheat and rye. A still more 
interesting cross is that betw^n wheat and coucih grass (Agropyfum 
elongaium) made in Russia.^* Several of the hybrids have shown resis- 
tince to itist and smut, with the addition of various other valuable 
characteris&s, including high yield and perennial habit, giving promise 
of a perennial wheat with §reat hardiness which may be able to grow 
in regions where normal wheat varieties would fail. 

• Artificial induction of pplyploidy is a. new tool in the hands of the 
botanists for changing the plants. An interesting account of cytological 
work done in "Sweden in recent years is given in Joint Publication No. 3 
(1940) of the Imperial Bureau *of Pastures and Forage Crops. The work 
consisted in systematic attempts to alter the chromosome numbers in 
crop plants in order that more valuable types for cultivation would 
become available. Among* the findings described, those of Muntzung,* 
who found that both auto- and allo-polyploid types as a rule are more 
vigorous in growth than the original types, arc of particular importance 
to plant breeding. 

Apart from differences in vigour and growth, there are changes in 
the chemical constitution some of which may be of great significance. 
Thus Sansome and Zilva®* have found that tetraploid tomatoes have twice 
as much vitamin C as the diploid. Randolph and Hand^® found a 
tetraploid strain of maize to contain 43 per cent more carotinoid per 
gram of dry meal than the corresponding dii)loid. Artificial -induction 
of increase of tlie chromosome number may become a popular and 
standard method of increasing the nutritive value of plant products. 

Experiments with X-rays and ultra-violent rays causing fertility in 

hybrids or mutations in different crops have also been conducted , in* 

America, India and Japan. 

It is clear that along w’ith such experiments the search for new and 
hitherto little know’ii forms of plants must go on. Vast areas are .yet 

unsurveyed for such plants. We have only to think of the great 

Himalayan forests, the w^ealth of species known to be occurring in China, 
the rich forests of South America and the reservoirs of wild life in the* 
vSoviet Union. In short, plant geography has to go hand in hand with 
plant breeding. 


Pl.ANT GE(XiRAPHV 

As a matter of fact, plant geography is not a new branch of botany. 
Decades earlier, historic attempts to explore new species in distant lands 
had been made. With the publication of Darwin’s Origin of Species in 
1859 interest in exploratory and classificatory work *had increased 
tremendously. Systematic botany came to the forefront of the study of 
botany. Much work was done not only in the field but also in botanical 
gardens, laboratories and in museums all over the w^orld, ‘and numerous 
voluminous 'floras’ were written. India has produced a proud record 
of work in this field of botany. I need not go over this record. It w’as 
admirably presented to this Congresl^ by my predecessor fast year. .The 
names of Roxburgh, Wallich, Griffith, Hooker, Clarke, Prain, Duthie, 
Gamble, Blatter, Fyson, Sedgwick, Almeida, Sabnts and Kashyap have 
become landmarks in the history of systematic botany. 

Although the great vegetative zones of the earth have been described, 
the record is yet very incomplete. In many cases the record deals with 
the trees and shrubs^ but the lesser forms, wffiich nevertheless t)fay big 
parts balance of life, have been left undescribed. Besides, only 
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the major zones in certain countries have been recognized ; there are 
still large, unexplored luxuriant rain- forests, where nature reveals herself 
lavishly, which have not yet been touched. Instead of completing the 
great task the botanists are drifting away from this work. What was 
done in the last decades of the last century was much more than what 
has been done in the present century. This paucity of work in 
systematic and taxonomic botany can be i‘)artly ascribed to two new 
developments, (i) With a closer and more intensive study of , plants it 
has been found that among i>lants hitherto regarded as of the same species 
are found many varietal forms — or physiological and morphological 
varieties. ‘The differences exhibited by tligm, in some cases striking, in 
others only small, may be of great importance, especially where the plant 
yields an economic product. Because, a particular variety may give the 
‘product in large quantities, while in other varietal forms the product 
may be present in small quantities or may not be present at all. Then 
also the different forms may show* different responses to soil and moisture 
conditions. As a result it has now come to be recognized that the 
species of old can be differentiated into ecotypes or biotypes or micro- 
species whatever we call them. The interest of many systematic botanists 
is now directed to intensive study of work started by earlier botanists 
and to discovering the presence of these biotypes in the sijccies described 
in the old floras. Thus the diminution of work in .systematic botany 
is to some extent only apparent. The.se investigations are of great 
potential importance to both agriculture and forestry. They are being 
done in South Africa, Sweden, France and in England.*^ (2) The other 
factor which is responsible for a decrease in work in systematic botany 
as the increasing attention which many botanists are now paying to 
plant ecology — ^the virile off.spring of the early plant geography — which 
deals with the study of plants in their natural homes and is concerned 
with the effect of the environment upon the plant. 

Plant Ecology 

It is clear that if we are to make use of our knowledge of botany for 
.solving problems of plant production, whether in botany, agriculture, 
horticulture or forestry, we must be familiar with the effects which the 
various environmental factors like light, moisture, temperature, soil, asso- 
ciated plants, etc., produce upon plants. In other words, un]e.ss the 
relationships between the plants and their habitat are clearly understood 
we cannot w’ell solve our problems. Although the floras of the past 
include in many cases a short account of the habitat, they do not discuss 
the relationship betw^een the plants and their habitat. The accounts are 
merely descriptive. Plant ecology aims at not only describing the finer 
details of plant distribution but also elucidating the origin, development 
and structure of vegetation. It further seeks to .study plants as indivi- 
duals and as communities, to trace their succession, aggregation, migra- 
tion and ecesis and to describe the competition betw^een species. It is 
not merely descriptive (although much of its work is still in the descrip- 
tive stage), it is an experimental science, a ‘‘higher physiology” in which 
the systematist, the physiologist and the agronomist have a common 
meeting ground. It is by con.sidering that vegetation in an area is subject 
to developmental changes, that it is dynamic, that we can properly study 
and classify it. This view expressed as early as 1910 by Moss'^’* and later 
emphasized by Nichols^^ Tansley^S Dudgeon^®'”, Sabnis®* and 
Clements^* appears to a logical one and has been in giving 
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to the study of ecology a sound and scientific basis. The work of 
Clements has been specially notable in this field of botany. His 
work on and conception of climax, succession and conservation 
have led workers to investigate the fundamental laws concerning 
the growth of plants in relation to the various environmental factors. 
It is needless to add that when we are dealing with the problem of con- 
trq^ling vegetation for our use the conception of succession and conserva- 
tion as elaborated by Clements will be of infinite help. It will find use in 
[)robiems of iniprovement of grassland and conservation of vegetation. A 
recent Imperial Bureau Bulletin'*^ summarises the work done on grasslands 
and forage crops and on conser\^ation of vegetation in the United States 
of America, and emphasises the importance of Clement’s work. It has 
been found that of the three factors, water, light and nutrients, the first 
is most important qualitatively whereas the effect of the latter two is 
mostly quantitative. Of late much attention has been paid to the light 
factor in the study of vegetation zones, leading to important discoveries 
on iffiotoperiodism. 


PiroTOPERIODlSM 

Pliotoperiodism is the phenomenon of the response of the plants to 
the period of light (or length of day) for the development of flowers and 
seeds. It is to two American botanists Garner and Allard^ that 
we owe some important information on photopcriodism. Their work 
evoked much interest in the subject and led to intensive studies of many 
plant si)ecies in the different parts of the world. According to the infor- 
mation available, plants can be divided into three groups according to 
the daily length of light which they require for flowering, (i) “Long 
day plants” which need more than twelve hours’ li5^:ht for successful 
flowering ; (2) “Short da>"^ants”, which flower only if they receive less 
than twelve hours’ light per day ; (3) “Neutral plants”, which are un- 
affected by change of light periods. 

Long day idants require long days for flowering although they make 
vigorous vegetative growth during short days.^^ Typical examples are 
the potato, spring varieties of temperate zone cereals, garden pea, etc. 
Short day plants, among which we find tobacco, maize, subtropical 
cereals, chrysenthemums, dahlia, cosmos and other diverse species, con- 
tinue to develop only vegetatively under a long day illumination. They 
would come into blossom only under short day illumination. 

Among the neutral plants are many species and varieties of the 
tropics. They are not materially influenced in time of flowering by the 
length of day. 

Advantage has been taken of this response of plants to light in 
* breeding experiments. The American breeders grew cereals in green 
houses in winter and used artificial light to supplement natural daylight 
and succeeded in growing to maturity three successive generations of 
wheat in one year.^^ Russian workers have made experiments at 
Takshkent on the photopcriodism of the cotton plant, subjecting differ- 
ent varieties to daily illumination of 6, q and 12 hours against the average 
of 14 hours of the controls growing under normal conditions. Different 
varieties were found to show different hereditary reactions. The general 
effect of shortened illumination was an earlier production of flowers and 
bolls. By subjecting different varieties to various amounts of illumina* 
tion it was possible to synchronize the flowering of widely divergent 
varieties^ j^r»d- species and thus cross-fertilize th^m where, under normal 
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c^pditioES, such crossings would have been impossible, because of the 
difference in their flowering seasons. -Thus crosses were made between 
EpT)tian cotton with low boll weight and several South American cottons 
with large bolls but of short day and perennial habit. Such ‘light* 
treatoents have been Used by the Japanese for rice breeding and are 
finding use in India also for potato breeding at Simla;-^® 

The information secured on photoperiodism will be invaluable to the 
agriculturist and the horticulturist for raising i)lants in new environ- 
ments, different from those to which the plants belong. 

Vernalization 

The response of plants to temperature is not less marked than that 
to light. It is directly concerned with nearly .every function of the plant. 
Its effect on chemical processes such as diffusion, precipitation, cell- wall 
formation, etc. have been the subjects of study in different laboratories. 
Temperatures, maximum, minimum, optimum and favourable and un- 
favourable to plants and their relation to growth have been studied. In 
order to apply the information to crop cultures attemi)ts were made for 
many years to determine the total of the effective heat units necessary to 
grow the various crops to maturity. As a result it was proposed to 
define crop growing zones such as the spring wheat belt, the winter 
wheat Kelt, the cotton belt and so on^®* because the temperatures of 
the growing season alone were found to limit tlie growth of these croi)S. 

It was for Tysenko, the young professor in Russia, to show in 1932®^ 
that it was po.ssible to triumph over nature’s climatic barriers by sub- 
jecting the seed to certain temperature treatments. The treatments con- 
sisted in subjecting the developing embryo, still within the unbroken 
seed coat, to particular sets of temperature for definite durations. The 
process of giving the required treatments is known as vernalization. It 
is based upon a theory of plant life enunciated by Lysenko, tlic main 
features of which are : — Growth and development of the annual plant 
are independent iihcnomena. The conditions required for growth may 
not be the same as those required for devclo]>ment. The development 
consists in a series of stages, each of which requires a definite set of 
external factors such as light, heat, etc. Unless one stage is comideted 
the plant will not enter the succeeding stage. The first stage, recognized 
by Lysenko, is the therniostage, which is a temperature stage, and unless 
this is completed the plant w’ill not start on its second stage of development, 
although it may continue to grow (i.c.. exhibit vegetative growth of 
stem, roots and leaves) without flowxn'ing and .setting seed. Thus certain 
varieties of w^hcat w^hen sowm in spring were found to grow well and 
tiller profusely but failed to flower and set seed. Wlien vernalized, the 
seed gave crops which proceeded to car normally and ripened before the 
onset of winter. According to Lysenko, the prolonged vegetative period 
was due to the fact that the seed missed the right thermostage after it 
had been sown, with the result that the next developmental stage, viz., 
the reproductive stage, could not occur. The seed, when given the right 
thermostage, w'hich consisted in subjecting it to low temperatures, gave 
normal crops. As a result, many varieties of winter wheats which would 
not ear when sowm in spring were, through vernalization, made to yield 
good crops. The climatic barrier was thus broken and the zones for 
winter and spring wheats merged together. 

The treatment is given before the seed is sown. In many cases 
vernalization shortens tl\e growth period which is a vef]r«important 
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consideration for areas with short seasons. Such areas are extensive in 
Russia, for example, the Ukraine where late spring thaw is followed after 
a short favourable season by high summer ten^peratures and draught. 
So also in the “frozen north “ the short summers sand witched between 
long icy winters .made wheat cultivation impossible until vernalization, 
by shortening the period between sowing and harvest, made these areas 
pfoductive.* , 

The work of Uysenko and his school stimulated a great deal of 
interest in vernalization all over the world and experiments were started 
not only in Russia but also in. other countries. In the Russian experi- 
ments on cotton not only higher yields but also increase in lint length 
were obtained. The best results were obtained by keeping the moistened 
seed at a temperature of *25^ to 3o^C for varying periods. In the 
American cottons vernalization produced a tendency to higher ginning 
percentage and length of lint, but in the Egyptians the ginning percentage 
was increased while the lint length was slightly decreased.®* The 
flowering period was reduced by 3, 4, 9 and even 13 days. Vernalized 
sowings were made on a large scale on collective farms. In other 
countries the work is still in the experimental stage, no large scale com- 
mercial sowings of vernalized seed yet having been taken up. 

Ai)art from being of economic importance, vernalization has become 
a subject of academic discussion. By changing the very response of the 
plant to its environment it has struck at the foundation of the breeder's 
idea of plant “characters**. What significance can therefore be attached, 
for example, to inheritance of earliness when “earliness** itself is not a 
definite character or property of the plant ? 

When first i)roi)ounded, Lysenko's theory of plant life appeared 
staggering as it ran counter to the established notions of the breeder 
and the physiologist about plants. Now the facts do not appear to be 
so staggering, although they are not simple nor have they been adequately 
explained. What is surprising is that they took so long to attract the 
attention of the .scientists uhen it was long known that low temperatures 
are necessary for many plants to enable them to complete their life 
cycles. As early as 1920 Coville*’^ observed the influence of cold in 
stimulating the grouth of plants. Lyscnko*s vernalization of wunter 
wheats by subjecting tlie soaked seed to freezing temf)eratures was just 
the application of this principle for stimulating development. 

Growth Hormones 


Talking of stimulating influences reminds me of the discovery of 
rile role which “growth hormones*' play in stimulating growth in plants. 
This discovery was the outcome of the study of “tropisms** in plants by 
.Boysen-Jensen » , Paal^*^, Stark^^ and Bruner**, who worked on the growth 
of coleoptiles of various Gramineae and their response to light. These 
wc^kers demonstrated that the response was due to some substance or 
substances pioduced at the tip which; by diffusion into the tissues below, 
caused the curvature of the coleoptile toward light. It was Went*® wiio, 
m 1926, definitely established the existence of the growth substance. 
His work was the starting point for a worldwide investigation into the 
problems of growth and the chemical nature of the substances 
promoting it. 

In analogy to hormones which had been discovered earlier in the 
animals the growth substances of plants are popularly referred to as plant 
hormones. Some workers have preferred to call them growth regulators. 
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It was found that, like the growing shoot tips, roots were also con- 
trolled in their growth by a hormone. The Boyce Thompson Institute 
for Plant Eesearch in the United States of America, has devoted consider- 
able attention to the root-growth promoting substances and discovered 
that various chemicals, like indole acetic acid, phenylacetic acid, 
napthalene acetic acid and their esters, promote root growth. We are 
indebted to Zimmermann and Hitchock*^ for work of much value. In 
1935 they discovered an economic use for these hormones. They used 
them, mixed with lanoline, for coating stem cuttings of garden plants 
and thus inducing them to root where earlier attempts, without the use 
of hormones, usually resulted in failures. In cases where rooting of 
cuttings proves difficult or in the case of seedlings which are too delicate 
and suffer considerable mortality in the early stages it is suggested that 
the use of hormone coatings or preparations of the growth promoting 
chemicals can be adopted with benefit. Their use is, how^ever, not 
simple. It may vary with the species and varieties of plants used, with 
the t3"pe of cutting or the age of seedling used, with tlie temperature 
of the air or the rooting medium and with the condition of the other 
environmental factors. iMthough some proprietory products such as 
‘‘Auxilin”, ‘‘Seradix A**, “Hartonione*', etc. have been brought out, 
their use has not led to infallible success. A great deal of work requires 
to be done on the factors stated above before the practice of using the 
substances in horticultural and i>lant breeding w’ork can be standardi.scd. 

Recently considerable interest has been evident in the problem of 
stimulating the germination of seeds and the growth and llic resistance 
of seedlings to disease.s. The work of Youden^‘\ Hwang and Pearse®^', 
Barton®*^ and Croxall and Ogilvic^"* shows that the results of hormonisa- 
tion are not uniform and that the particular re(iuirements with regard 
to condition of seeds, their species, environmental conditions, the coii' 
centration of honnones used have yet to be worked out before tlie method 
can be adopted as a standard practice. 

The discoveries by Kogl and Kostermans^^ of hormones yielded by 
the fungus Rhizopus and Yeast have added to the interest on the subject. 
The latter worker reports tliat by soaking seeds of plants in a solution 
of the hormone he caused the plants to flower and to reacli maturity 
earlier than the plants from untreated seed — an effect similar to that 
brought about by vernalization. 

It is not unreasonable to speculate that the effect in botli the cases 
is due to increased enzyme activity. Demkovsky has studied the enzyme 
action occurring during vernalization and found that there was both a 
general increase of enzyme activity and also a change in the interrelation 
between different groups of enzymes.®^ The biochemical aspect of 
vernalization and of the effect of plant hormones opens up a new^ field of * 
inquiry, adding to the interest which was created in the last century in 
the chemistry of living plants and which received imi)etus from the vast 
developments in chemical research in industry in Germany. 

Role of vSecondary Elements 

It is the German scientist Liebig, who establi.shed, towards the end 
of the last century, that plants require the necessary elements, carbon, 
nitrogen, hydrogen, ox^^gen, phospliorus, sulphur, potassium, magnesium, 
calcium and iron. Based on his work numerous investigations have been 
carried out during the last few decades on plant requirementil and on 
the effects produced if * an element is withheld or given in excess. 
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More recent still is the discovery that the above elements, considered to 
be able to satisfy all the requirements of plant growth, do not exhaust 
the list of elements which can be considered essential. There are some 
others which are also essential but which are required in only minute 
quantities. For example, Warington^® showed in 1923 that the broad 
bean, Vida Faba, only attained full development when grown in the 
presence of, a trace of boron and that no other element could replace it. 
vSommer®® found that other plants, such as maize, peas, sunflower, vetch, 
sugar beet, sorghum, flax, mustard and pumpkin ^Iso require boron. 
Similarly manganese was found by McHargue^"® to be essential for the 
growth and. develoi)ment of maize, onion, cucumber, lettuce, wheat, 
spinach, oats, tomato and peas, and he considered it to be of equal 
importance to iron in the formation of chlorophyll. Silicon has also been 
found to be of importance in plant nutrition®*. It benefits the plant by 
causing an increase in the assimilation of phosphates by the plant. Fqr 
some plants zinc has been found to have an important function. 

As soon as the role of these ‘\secondary elements** was recognised 
practical use was made of the knowledge. VavSt crops of turnips, swedes 
and sugar-beet could be saved by supplying the boron deficiency. In 
California orange trees suffering from pale, malformed leaves are sprayed 
with compounds containing small traces of zinc, and the later-formed 
leaves are healthy and of normal colour. 

Hydroponics 

The above findings ^vere, in many cases, the results of laboratory 
experiments with water or sand cultures which were made to contam 
the different chemicals and wdiich were altered in constitution at will in 
order that the effects of one or more constituents be studied individually 
and collective!}'. Although these cultural studies were of great agricul- 
tural interest and have been practised for about a century, it w'as not till 
very recently that soilless crop production (or hydroponics as it is called) 
was developed. The earlier studies aimed at making better use of the 
soil. It W’as in 1929 that Gericke‘\ the pioneer worker on hj^droponics, 
presented the theory underlying soilless crop production and pointed out 
that “crop production need no longer be chained to the soil, that some 
commercial crops could be growm in larger quantities without soil in 
basins containing solutions of plant food.** 

Hydroponics is still in the experimental stage. Although it has 
given extraordinary results, giving yields far outstripping those obtained 
from the best farm lands, it presents many problems w’hich have to be 
solved before it can be adopted as a scientific practice. First it is 
necessary to sui)ply the proper food elements through a well-balanced 
solution. Then the questions of giving to the growing crop the proper 
amount of light and heat, avoiding overcrowding, preventing fungus and 
insect pests and making the w’hole thing an economic proposition, need 
thorough investigation. 


Plant DiseasEvS 

To increase the production of economic plants the contribution 
of botanists to fight plant diseases has not been any less remarkable than 
in other fields. The Great Famine in Ireland, caused by the failure of 
the potato crop due to the Potato Blight fungus, w^hich wiped out a large 
portion of the population of that predominaiftly agricijltural country. 
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was ^^not allowed to recur. Not only are essential food plants like 
potato, wheat, turnip, cabbage, tomato, etc. subject to devastation by 
fungoid attack, ‘but also many ornamental plants like the tulip, the daffo- 
dil and many other popular flowers are liable to suffer inestimable damage 
from the fungi. In the tropics important plants like tea, coffee, rubber, 
banana, sugarcane and trees yielding timber grow under conditions almost 
ideal for the development of the fungi and are always menaced by them. 
From every part of the worlcl come reports of damages done by the fungi 
and the accounts -of their life histories and the different forms of the 
causal organisms. In India outstanding ^work has been done by Butler^® 
in a pioneer attempt to describe the fungus diseases of the plants in the 
country. This has been followed by a more intensive work on some ot 
the important fungi, for example, work op wheat and barley rusts by 
Mehta'^^, root diseases of cotton by Vasudeva^’^' and by Kulkarni and 
Mundkur^® and on loose smut of wheat by Luthra and Sattar*^ 

One way of fighting the diseases is by checking the fungus organism 
by the simple method of spraying with fungicides, inostly based on copper 
or sulphur. This has been found specially effective on fruit trees, vines 
and vegetable culture. Another method is that of soil treatment. Thus 
the *-take-air* disease of wheat which is the chief enemy of the Australian 
wheat growei;, has been found to be connected with soil acidity. In 
America root disease of tobacco has been found to be related to soil 
temperature, and growing the plants slightly above or below what would 
otherwise be the best tem[>crature can result in reduced fungal attack. 
The mo.st striking and, to the grower, the most convenient method is 
that of growing resistant or immune varieties. In the United States, in 
Canada, India and other countries great success has been achieved in 
breeding rust-re.sistant individuals from existing varieties or by recom- 
bining resistance witli other desirable qualities by artificial liybridizatioii. 
Scientific breeding for disease-re.sistance by hybridization was first .started 
by Sir Rowland Biffen in Kngland about a generation ago and is now* 
being followed in different countries. In India Me Rae and Shaw'*'*' have 
bred varieties of pigeon pea (Cajanus Cajan) highly resistant to unit. 
Mundkur, Pal and Bose®’ ** have studied varietal resistance of Indian and 
other wheats and oats to smuts, and Upi)ar* has wwked on resistance of 
cotton to w'ilt- 

Besides the fungus other great enemies of ’plants are the bacteria and 
the viruses. Pro[)hy]axis in plants unlike in animals by injection or 
vaccination is out of (juestion. Here the introduction of new resistant 
varieties is the best method of checking the disease, as was done in the 
case of sugarcane in Loui.siana. 

Efforts have been made to shift the balance of fungal or bacterial 
population in the soil with a viewv to benefiting the plant by introducing a 
fungus which is antagonistic to or which comes into competition wdth 
‘"bad’* fungi. This has so far been tried on a laboratory .scale with 
actinomyces and the work is at present in abeyance. 

* Conclusion 

Thus the work of the botanists in increasing the geographical range 
of crops, discovering new and suitable varieties, studying their relation 
to soil, temperature, light and moisture, improving their yields, reducing 
the cost of cultivation, securing immunity from disea.ses — all this work 
must go on. Overproduction, the terror of the economists, need not 
worry us, because even if it is there, it should not call for a curtailing 
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of the activities of the botanists. An official report wisely suggests : 
*When farm production exceeds the demands, it should be reduced, not 
by discarding science, but by planting fewer acres and^ raising fewer 
animals. There is no advantage in allowing costs per unit of production 
to increase, as would be the result of giving science a holiday.’’ 
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THE GOLGI APPARATUS 

{Delivered on Jan, 4, 1944) 

Introduction 

My first duty is to thank the Indian Scie^ice Congress Association for 
nominating me as President of the* Section of Zoology and Entomology. 
I greatly appreciate the honour. 

Since many reviews of the Golgi ai)paratus have been published 
recently (Cowdry *24, Nath ’26, MacBride and Hewer Kirkman and 
Severinghaus ’38, Hirsch *39 and Bourne *42, etc.), it will be superfluous 
to write another on the subject, even if I had been fortunate enough to 
have the necessary facilities and space at my disposal in these days of 
general scarcity. My intention, therefore, is not to assume the r61e of 
a reviev^er who must necessarily go through all the details of the subject 
in the stefeot5i>ed manner ; but to make an attempt to interpret tlie 
numerous available publications, often conflicting, in the ligiit of my own 
observations and to try to evolve some order out of the seeming chaos. 
If, while going through the intricate ramifications of this highly con- 
troversial subject, I make a statement which is not finite in accord with 
facts, I shall be grateful if my attention is directed to the error. 

History 

It is now more than forty years since Caniillo Golgi (nSgS), the 
celebrated Italian neurologist, discovered an ‘apparato reticolare interno*, 
the Golgi apparatus, in the nerve cells of certain mammals by means of 
his Vea/iona nera’ or black reaction, which apr)ears after suitable treat- 
ment with silver nitrate. For many years after this epoch-making dis- 
covery cytologists were content with the study of the mere srtiicture of 
the Golgi apparatus, and it is only during the last fifteen years or so that 
some attention has been paid to the chemical composition and functions 
of this important cell component. 

Soon after the discovery of the Golgi apparatus Holmgren (^ 02 ) 
attemj)ted to homologise the a]>paratus with a system of clear canals 
(‘trophospongium*), which he had observed in certain cells. Cajal (’08)' 
confirmed the homology and actually referred to Golgi’s reticular appa- 
ratus as Golgi-Holmgren canals. The separate identities of the Golgi 
apparatus and Holmgren’s canals had hardly been established when Parat 
and Painleve (’24) created a veritaWe sen.sation by announcing the now^ 
well-known Vacuonie-Golgi apparatus’ hypothesis. 

According to the vacuome theory all animal and plant cells have only 
two kinds of living cytoplasmic components- — the vacuome and the 
chondriome. The vacuome is an aqueous phase and consists of vacuoles 
having an acid reaction, which stain specifically with the vital dye, 
neutral red. The chondriome is the lipoidal phase and consists of mito- 
chondria, which stain .spocific^illy with the vital dye, janus green. 
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According to Parat and his followers the classical Golgi reticulum was 
an artifact formed by the excessive precipitation of silver or osmium not 
only on the surface of and inside the vacuoles but al^ in the narrow 
spaces between them. Later Parat introduced two new terms, the l^pir 
dosomes* (modified mitochondria) and ‘chondriome actiP (active mito- 
.chondria), to include the argfentophile and osmiophile dictyosome, which 
often formed the cortex of the round chromophobic substance in the case 
of discrete Golgi bodies showing a duplex structure. The ‘chondriome 
actif’ was thus occasionally associated with the chromophobic substance 
which, according to Parat, was. the vacuonie. 

In France and elsewhere in Europe the vacuonie theory was accepted 
without any reservations by a host of workers, but in Great Britain, 
America and in this country it was received with scepticism. Neverthe- 
less, like all theories, it stimulated a considerable amount of valuable 
research. Gatenby ('29)/ working on the male germ cells of Cama, 
Helix and Abraxas, observed that ParaPs vacuome theory was unsound. 
According to Gatenby, The vacuome is not the Golgi apparatus, but the 
associate or derivative of the Golgi cortex, and the dictyosome is not a 
modified mitochondrion as suggested by Parat, but is a separate and 
characteristic structure*. The work of Miss A. G. Hill in his laboratory 
on the oogenesis of Daphnia convinced Gatenby that The Golgi element 
is a cortex on the vacuole and the division of the element brings about 
a division of the associated vacuole*. It is thus clear that Gatenby con- 
sidered the chromophobe substance often associated with the Golgi 
element as the homologue of the neutral red staining vacuome of Parat, 
and the Tepidosome’ of the latter as the homologue of the dictyosome 
(the classical Golgi material). 

Nath and Nath and his collaborators (see Nath *33 for references), 
working on the oogenesis of several forms, also interpreted the chromo- 
phobe substance of the Golgi element as the vacuole, but they recorded 
in all cases their complete failure to stain this substance with neutral 
red. Only in the case of the cockroach (Nath and Piare Mohan, *29) did 
neutral red stain the Golgi vesicles very slightly. That the chromophobe 
substance of the Golgi vesicles w'as not the neutral red staining vacuome 
of Parat, at least in eggs, was finally proved by Nath (*31) and Nath 
and Nangia (*31), who demonstrated prominent watery vacuoles, vesi- 
cular Golgi bodies and granular mitochondria as independent cytoplasmic 
components in* the fresh eggs of the common Indian frog {Rana tigrina) 
and teleostean fishes {OphiocephaJus puncialus and Rita rita). In all 
these forms the vacuoles (which are stainable with neutral red) and the 
Golgi bodies (which are not tinged even slightly with the fat dyes, 
Sudan III and Scharlach R) can be seen inira-vitam without the aid of 
any vital dye or osmic acid with diagrammatic clearness. I recom- 
mended this material to the most sceptical. In other words it was proved 
that the chromophobe substance of the Golgi element was not the homo- 
logue of the neutral red staining vacuome of Parat. 

At Allahabad Professor Bhattacharya (*29), who had worked with 
Parat in France, demonstrated, in collaboration with Dr. Das, that*i$i 
the young oocytes of the pigeon the vacuome and the classical GoM 
apparatus were independent cell components. 

In the somatic cells likewise it was shown, chiefly by the studies of 
Chlopin, Beams and Ludford, that the chromophobe substance of tht^ 


• ^ In this paper Gatenby gives a useful review of the earlier work of Hirachler, 

Monne, KarpoVa and Voinov on the male germ cells of certain rforms. 



76 Proceedings ^rst tS,C, : Part It : Presidential Addresses, (3) 

Golgi apparatus was not the neutral red staining vacuome of Parat, which 
was quite independent of the Golgi apparatus. The position in these 
cells may be summed up by a quotation from Beams and King (*32) : 
‘Therefore, it w'ould seem from the foregoing facts that the neutral-red 
bodies in our material are quite separate from the Golgi apparatus, not- 
withstanding the dogma of Parat and his followers. This conception is, 
for the most part in agreement with the studies of Nassonov (*26), Chlopin 
C27), Alexenko (’30), Tudford (*30, *31), Beams (*30, ’31), and others, 
i,e,, that the neutral red bodies observed simply represent new formations 
in fhe cell, either by the segregation of the injected neutral red into 
droplets or by the accumulation of waste products in the cell which are 
readily .stained by neutral red. Just how this phenomenon is accom- 
^ plished is still a debated question \ 

In plants likewise Bowen (’27 and ’28) demonstrated in several kinds 
of ‘cells, including representatives of both germinal and somatic tissues 
from the Bryophyta, Pteridopliyta, and Sperinatophyta, the existence of 
osmiophilic platelets wiiich, to say the least, much more nearly conform 
to the classical liix)idal Golgi apparatus of the animal cell than the 
vacuome. Bowen's extensive researches on the plant cells were soon 
confirmed by Patten, Scott, and Gatenby ('28). 

We must not, however, jump at the conclusion that the vacuome is 
always an artifact, representing new formations in the cell, either by the 
segregation of the injected neutral red into droplets (‘crinonie' of Chloi)in) 
or by the accumulation of waste products in the cells which are readily 
stained hy neutral red. On the contrary, watery vacuoles are very real 
structures and are developed at best in such cells as the plant cells 
(Dangeard and Guillermond), Heliozoa (Schaiidinn) and the oocytes of 
Rana tigrina and certain teleostean fishes (vide supra). Indeed I believe 
that the existence of vacuoles in the cytoplasm (homologies a])art) is the 
sine qua non of the metabolic activity of protoplasm, as in the interior of 
these vacuoles various substances such as aleurone grains (Guillermond), 
’acrosomal granules (Bowen, '20, *22 and '24 ; and Gatenby and Woodger, 
’21), fat (Nath and Gresson, ’29 and '31), x>rotein yolk (Hibbard, '28 ; 
Hibbard and Parat, '27 and ’28 ; and Nath and Nangia, '31), and secre- 
tory granules (Duthie, '34 and Hir.sch, '39) are gradually condensed and 
ultimately become mature. 

Parat and his followers, therefore, deserve to be congratulated on 
focussing attention on a very iinportant cell component, even though 
their homologies have been .shown to be erroneous. 

Technique and Morphology 

The form under which the Golgi apparatus may appear in a given 
cell depends entirely on the technique employed. So closely are tech- 
nique and morphology of the apparatus bound up with each other that 
many cytologists (even exi)erienced ones) have been completely led 
astiiay. Consequently there exist in ‘the literature numerous bizarre des- 
criptions of the morphology (and functions) of the apparatus. Neverthe- 
less it is not my intention to outline the various methods^ for the demon- 
stration of the Golgi apparatus, but I shall refer to some of these only 
indirectly in so far as a particular method is or is not likely to cause, 
artifacts. 


* These have been set forth in great detail by Bowen in six papers,, all published ‘ 
in 1928 ' 
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I . 

MacBride and Hewer (’31) describe the Golgi apparatus ‘as a plate 
or network in the form of a ring, disc or cylinder, in which case the 
apparatus is continuous except during times of metabolic activity, when 
it may become irregularly fragmented and distributed throughout the cell. 
In other forms it occurs as individual elements, either collected into 
one definite locality or else scattered in the cytoplasm. Although modified 
cyfoplasm, known as idioplasm, is normally only found to accompany the 
apparatus in germ cells, it is also probably present in all cells, although 
not demonstrable. This idioplasm is situated on one side of the fixed 
Golgi elements, these appearing Cither as platelets or batonettes (rodlets). 
A secretory granule or vacuole may occur within the idioplasm, and it 
has been suggested that the real situation of the osmiophilic Golgi is 
as a sphere round the idioplasm with its vacuole. This is probably in- 
correct, as it does not fully take into consideration the platelike form of 
the Golgi ap])aratus unless the sphere is envisaged as incomplete. It is 
doubtfui whether this would form a stable system, although it is not 

impossible’. . 

According to Kirkman and vSeveringhaus (’38) the Golgi apparatus 
‘has beem described as a htirous reticulum, network, ring, or cylinder, a 
very irregular fenestrated plate, a more or less incomidete hollow sphere, 
vesicle, or cup, a collection of small spheres, rodlets and platelets or 
discs, a series of anastomosing canals, a group of vacuoles, and a differen- 
tiated region of homogeneous cytoplasm crossed by irregular interfaces’. 

What a bevvildering variety ! 

But Baker (’42) goes to the very root of the jirobleni and makes the 
following most pertinent and refreshing comment : ‘It may be remarked 
that no one knows what structure the ideal technique should show. 
The Golgi network is often spoken of, but it may be queried whether this 
is often a good description. If such a thing could be constructed as a 
true model of tlie complex, magnified several thousand times, and if this 
model were shown to a member of the general public, it is possible that 
, he would compare it to accumulations (or rows) of spheres embedded in 
la slimy looking material, or to spheres with bananas adjacent to them 
I or touching their surfaces, or to spheres with sei>arate strings intertwined 
among them, or even in some cases — if one may dare to suggest a heresy 
— simply to spheres (italics mine) ; but the writer is doubtful whether 
the word network would often be used to describe the model, though it 
might occasionally be applicable’. 

Why is it a heresy to compare the Golgi elements to spheres? Is it 
because the ‘sphere’ does not fit into the secretory hypothesis of the 
Golgi apparatus advocated by a powerful and influential school of cyto- 
logists — a school who have ever been insisting on the ‘dictyosome’, ‘bato- 
nette’, ‘rodlet’, ‘banana’ or ‘crescent’ form, which, I firmly believe, is an 
artifact {vide infra) ? But I must first talk of the Golgi net. 

. For many years since the discovery of the ‘apparato reticolare interne’ 
by the silver method, nobody seems to have questioned the validity of 
Golgi networks. The various modifications of the original silver method 
employed by Golgi were followed by the long osmication methods, which 
are, at best, only slightly less unsatisfactory. There is no doubt that 
the Golgi material has a marked affinity for silver and osmium, and 
further it has been made abundantly clear that the Golgi elements are 
often held in chains or are closely aggregated in a juxta-nuclear position. 
When silver nitrate or osmium tetroxide is reduced to metallic sitver 
or osmium respectively, the reduced particles saem to come down like 
a shower and are deposited not only on the surface of and !n the interior 
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of the Golgi elements, but also in the narrow spaces between theiti. The 
result is a network ! This is more easily produced in nerve cells than 
in other cells, as the protoplasm of the former is known to be a gel. The 
production of a Golgi ‘net* by Singh and Boyle (*38) in the fish egg with 
the Aoyama method is only one of the many glaring examples (see Nath 
and Nangia, *31 and Nath, Bhar^mr Singh and Abu Bakr, in press). 

It is pertinent to ask : Have ever Golgi nets been demonstrated hy 
methods not involving reduction of silver nitrate or of osniic acid for 
long periods? To the best of my knowledge they have never been. On 
the contrary, various miscellaneous methods (e.g., Champy or Flemniing- 
without-acetic and iron-haematoxylin) have invariably demonstrated dis- 
crete Golgi elements in a large variety of cells. I have never observed 
any nets in the course of my studies on ntale and female germ cells of 
various animals, even in silver and osmium preparations ; and I have 
always doubted the validity of the reticulate structure of the Golgi 
apparatus. Contrary to the findings of previous workers, Beams and 
King (*32) have demonstrated discrete bodies in nerve cells. According 
to Bourne (^42), Hirsch (’39) ‘denies the existence of most networks and 
other workers have regarded them as staining artefacts*. Hirsch has 
actually described discrete granular Golgi bodies in the living acinar cells 
of the pancreas of the mouse, and he regards, according to Bourne, des- 
criptiorfs of a Golgi net in that material incorrect. Duthic (*34) has 
likewise described discrete Golgi bodies in the Harderian gland of the 
rat. More such examples could be cited. 

It is of interest to quote from Bourne (*42) : ‘ grains of silver 

seem to be composed fiiiidamentally of a network structure. The 
granules of silver in a photographic emulsion even under the high power 
of the ordinary microscope ai)pear to be homogeneous, but when they 
are examined with an electron microscope, magnifying them by 25,000 
diameters, they may be seen to be networks, made up of threads, some 
of which are only five atoms thick (Plate 2, Fig. 2). The type of net- 
W'ork can be varied according to the develoi)er used. Hydroquinone 
produces coarse threads, whereas metol produces fine threads. With 
some other developers the network becomes a sort of fluffy mass. The 
form of the Golgi network also varies according to the time of develop- 
ment and the type of developer used*. 

It is significant that nobody has ever succeeded in demonstrating 
Golgi nets in the living cell. On the contrary. Kite and Chambers 
(Cowdry, *24), in their microdissection studies on the vertebrate cells, 
did not encounter any ‘areas of resistance sugge.stive of the presence of 
a rigid netwwk’; and further, movements were produced in the cyto- 
plasm when the cells were carefully crushed. Although it is impossible 
to accept Strangeways and Canti*s (*27) complete denial of the Golgi* 
apparatus the fact remains that they failed to observe any net in the 
living tissue culture cells either by direct or dark ground illumination. 
Ludford^s (*27) explanation of the failure of these observers to see any 
Golgi nets in cultured cells, {viz.', ‘as some cells spread out the Golgi 
apparatus is stretched until it fragments and its individual particles 
become dispersed in the cytoplasm*), only serves to emphasize the arti- 
ficial environment in which such cells are made to live. Similarly the 
remarkable experiments of Walker (*28) and Walker and Allen (*27) tend 
to show that Golgi nets are artifacts, although we cannot agree with 
them that the Golgi apparatus is altogether a coagulation phenomenon. 
We have also to note that ultraviolet' light photographs of living unstained 
cells have faifed to show any Golgi nets. The Golgi net photographed 
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by I^udford (’35) in living tissue culture cells stained in vitro with methy- 
lene blue is undoubtedly a juxta-nuclear mass of* closely aggregated 
granules. 

For similar reasons I regard the dictyosomes, batonettes or rods not 
associated with, any chromophobe material as artifacts formed by the 
alignment of Gogli elements, which are essentially granular. This pheno- 
menon has been discussed in detail by Nath arid Bhatia (in .press) who, 
working oq the centrifuged oocytes of the earthworm, have considered 
the rods, figured by Norminton (’37) and Singh and Boyle (’38) in the 
oocytes of the earthworm and the stickleback respectively, as artifacts. 

I have always looked with scepticism on accounts describing the 
Golgi element as a dictyosome of a rod ; and some preparations by Gian 
Chand (one of my M.Sc. students) of the spermatocytes and spermatids 
of Cavia made with Flemming-without-acetic have clearly demonstrated 
that the large dictyosomes figured by Gatenby and Woodger (’21) at the 
periphery of the idiosome are indeed artifacts. The real form of the 
Golgi elements in this material is granular, but the granules are so much 
over-crowded at the periphery of the idiosoinic body that they appear as 
dictyosomes in the Cajal and Mann-Kopsch techniques employed by the 
authors. Indeed Meves (1899) in his classical work on this material 
actually figures granules (and not rods) in the idiosoinic body. 

My doubts about the reality of the dictyosomes were raised several 
years ago when Bell (’29), using a new technique on the spermatid of the 
dog, demonstrated small osmiophile granules embedded in the idiosome. 
To quote Bell ; ‘These granules are undoubtedly the homologue of the 
Golgi apparatus described for the guinea-pig by Gatenby and Woodger 
(’21), but at no time do they assume a crescentic shape like those of 
Cavia’. 

The conclu.sion, therefore, is unavoidable that Golgi nets, dictyo- 
somes, batonettes and rods are all artifacts. The question now arises ; 
‘What is the crescent, sometimes thick in the middle and tapering towards 
the ends, holding in its concavity the round plate-like mass of a chromo- 
phobic substance’ ? The plain answer is that it is the optical section of 
a Golgi sphere having a duplex structure, with a thick chromophilic 
cortex and a chromophobic core. Harvey (’27) and Nath (’30) gave this 
answ'er several years ago. In spite of Harvey’s retraction I am now 
confirmed in this view after my prolonged studies on the Decapod sperm 
(’42), where ring-shaped centrosomes very often come up as crescents. 

The osmiophilic platelets of plant cells described by Bowen and 
others are also probably optical sections of spheres having a duplex 
structure. 

My studies on the si)ermatogeiiesis and oogenesis of several forms 
have convinced me that the Golgi element is essentially granular in form 
in the spermatogonia and oogonia. With the growth and differentiation 
of these cells the Golgi elements also grow and very often show, after 
suitable treatment, a double structure, each having a thick chromophilic 
cortex, corresponding to the ‘externum’ of Sembrat (’30) and Hirsch (’39), 
and a chromophobic core. This latter corresponds to the ‘appara- 
tinhalt’ of Hirschler, ‘archoplasm’ of Gatenby, ‘idiosome substance’ .of 
Bowmen and Duesberg, ‘idioendosome’ of Papanicolaou and Stockard, 
‘internum’ of Sembrat and Hirsch, and the ‘vacuome’ of Parat.* Hir arh 
(’39), as quoted by Bourne (’42), confirms this, and refers to the Golgi 
granule as the ‘pre-substance’ of the Golgi apparatus and to the larger 


* See Beams and King (* 32 ) for references. 



8q Proceedings sist /.S.C : Pari II : Presidential Addresses, (7) 

sphere showing a duplex structure as the ‘Golgi system*/ This duplex 
structure of Ae Golgi sphere has been beautifully brought out by 
Richardson {*34) in an excellent photograph of an epithelial cell from 
culture of chick liver. 

Discrete Golgi spheres can also be seen with the utmost ease in the 
living spermatocytes, and spermatids of ticks even in ordinary light by 
the most casual observer (G. P. Sharma,^* unpublished). Several years 
ago Nath and Nangia (*31) reported that the Golgi elements in the young 
ooc3^tes of the fish Rita riia were in the form of granules with a bluish 
tinge, which could be seen in. the fresh material with an ease which was 
simply astounding. 

Reverting to the silver methods, I feel no hesitation in saying that 
these methods, in spite of the occasionally brilliant results they have 
yielded, have grievously led us astray with respect to tlie form of the 
Golgi apparatus. But what is worse is that these methods (and also the 
long osmication methods) can blacken mitochondria, nuclear meml>rane 
and several other structures in the cell totally unrelated to the Golgi 
apparatus (see Bowen, *2Sb for this phenomenon). Indeed it appears 
that granules of silver and osmium can settle down on many kinds of 
surfaces. Friend {*36), working on the si)erms of British Murida% dis« 
covered that there was an asymmetrical deeply staining area in the 
posterior part of the nucleus in all the Miiridie si>erms lie had seen, whicli 
gave the characteristic stain with Feulgeu. He named this area as the 
‘dense f)osterior region’, and he pointed out that in position it agreed 
with Gatenby’s ‘post-nuclear body’. G. W. V’aidya, the King luiward 
Memorial Scholar from Nagpur working at Lahore on the sperm of the 
squirrel, has confirmed Friend’s conclusions. He emi)loye<] Feulgen’s 
reaction on smears and sections fixed in about seventeen fixatix’cs. The 
posterior i)art of the nucleus in each case tor>k up the characteristic stain, 
showing that the ‘post-nuclear body’ is only a part of the nucleus. In 
Da Fano (chilled) preparations no po.st-nuclear granules were observed 
in any stage of spermatogenesis, but in Da Fano smears siUer was 
deposited on the posterior part of the nucleus, (b’an Chaiid has arrived 
at identical results in the sperm of Cavia. 

Lastly, we must constantly bear in mind that protoplasm is a poly- 
phasic colloidal system in whicli the suspended particles must tend to 
assume a spherical form ; and Nath and Bhatia (in press) state that it is 
incredible that ‘long crescent shaped bodies, thicker in the centre and 
tapering towards each end’ (wdiich is the descrii>tion of the (hdgi bodies 
given by Norminton in lAimbricus egg) could be found suspended in 
the medium of dispersion. 

For a detailed review’ of vital staining of the Golgi apparatus refer- 
ence may be made to (’latenby (’31), Ludford (’33) and Bourne (’42), but 
it will be certainly correct to say that, a.s a rule, the classical Golgi ^ 
apparatus does not stain with neutral red, which is a basic dye. Never- 
theless Hirsch claims (according to Bourne) that the ‘i>re-.substance’ of 
the Golgi system stains with neutral red and I have myself seen the 
argentophile granules of Herpeiomonas niuscarum staining brilliantly 
wiJth this dye. In this connection we cannot forget that the protein film 
round the Golgi body may carry a varying electrical charge as proteins 
are known to be amphoteric. Nor can w’e forget that a basic dye, on 
entering a cell, may become electro-negative or vice versa. No reliance 
can, therefore, be placed on vital dyes, so far as the identification of the 
Golgi apparatus is concerned. 

♦Van jab University Research Scholar. 
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Chemicai, Composition 

The determination of the exact chemical composition of the Golgi 
apparatus is beset with more serious difficulties than that of the proto- 
plasm in general, as, so far as 1 am aware, this substance has not been 
isolated from the cell in anything like a pure state. It should, however, 
certainly be possible to isolato the microspheres (Golgi elements) from 
tha macrospheres (protein yolk) of the mosquito egg (Nath *29) and 
determine their exact chemical composition. I recommend this material 
to the biochemist. 

In the meantime we can only guess the chemical composition of the 
Golgi apparatus from its reactions to the various fixatives and dyes 
employed in our laboratories. Judging from these reactions there is no 
doubt that the Golgi bodies ^are mixtures of fatty substances (fats and 
lipoids) and proteins. Although fat dyes have been used successfully 
to stain the Golgi bodies directly in a few cases only (Cowdry ’i^, 
Weiner *26, Tanaka ^32, Boyle *38, and Tarao ’40), the following 
facts strongly suggest that they contain a high percentage of unsaturated 
fatty substances. 

I have shown in several eggs (see Nath, *33 for references) that the 
Golgi elements can be demonstrated b}" treating them directly with 
2 per cent osmium tetroxide for short periods, the exact time depending 
presumably on the degree of unsaturation and the amount of oxidation 
the Golgi material has already undergone. Bowen (*19 and ^2^c) suc- 
ceeded in blackening the Golgi apparatus in the testes of Hemiptera and 
other insects after 24 hours* immersion in Mann’s corrosive osmic mixture. 
Nath ('32, \37 and ’42) in his work on the Decapod sperm often observed 
that the Golgi apparatus was blackened after fixation in Champy or 
Flemming-without-acetic. Weigl (’10) found that after 5 to 10 minutes’ 
exposure to 2 per cent osmic acid at 25®C some traces of the Golgi appa- 
ratus were just barely visible. After one hour the blackening was more 
obvious. F'oot and Strobell (’01) published excellent photographs of 
earthworm egg demonstrating the ‘osmiophil granules’ (which are the Golgi 
granules according to Gatenby and Nath ’26 ; Nath ’30 ; and Nath and 
Bhatia, in press), which had been blackened after a few minutes’ osmica- 
tion even in material previously treated with fixatives containing acetic 
acid. Ciaccio (’26 and ’27) succeeded in staining the Golgi apparatus in 
the male germ cells of Discoglossus with fat dyes after setting free the 
lipoids from the proteins by using proteolytic enzymes. Tarao (’39), 
employing Ciaccio’s technique, succeeded in staining the Golgi appa- 
ratus in the hepatic cells of the mouse and the newt with the fat dye, 
Nile blue sulphate. Add to all this the fact that the Golgi apparatus is 
ordinarily washed out by fixatives containing fat solvents. 

, Nath (’25) reported that in the spermatocytes of Lithobius forfi- 
catus it was impossible to destroy completely the Golgi material with 
fixatives containing acetic acid. The same author (’30) made a similar 
report in the earthworm egg. Nath and Bhatia (in press) have demon- 
strated spherical Golgi elements (showing no distortion whatsoever) in 
the centrigured eggs of the earthworm by treating them with Bouin’s 
fluid for to 2 hours and staining with '5% hsematoxylin. Such 
observations coupled with Ciaccio’s and Tarao’s exi>eriments {vide supra), 
and ‘the fact that the apparatus is sometimes stained with dyes which 
are used for demonstrating connective tissue fibres’ (Bourne, ’42) un- 
mistakably prove that the Golgi material contains proteins also. 

Bourne (’42) has very ably summed up the position and it win be 
profitable to quote him : ‘We may therefore conclude that the Golgi 

II 
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apparatus like the mitochondria is composed of protein and lipoidal or 
fatty substances, or more probably that like the mitochondria it may 
possess a superficial adsorbed layer of protein. The fact that mitochon- 
dria do not react with Nile blue sulphate suggests that they have been 
completely dissolved by enzymes and that therefore they contain more 
protein relative to the lipoid in their structure than does the Golgi 
apparatus. The fact that the apparatus is sometimes stained with dyes 
which are used for demonstrating the connective tissue fibies supports 
Tarao’s evidence that it contains protein. Experiments with chemical 
models have shown that fatty droplets in solution containing protein are 
alw^ays surrounded by a layer of adsorbed protein. It is very likely that 
such a protein layer is present on the surface of both mitochondria and 
Golgi apparatus, and that this explains why they do not normally react 
with fat stains'. 

Bourne has also given an excellent resume of the evidence in favour 
of the view that ‘vitamin C is present in the Golgi apparatus of a wide 
variety of differentiating embryonic cells, and it appears to be concen- 
trated in the Golgi apparatus of cells which are engaged in active 
synthesis of various substances*. According to the same author, it is very 
likely that the Golgi apparatus contains enzymes or can synthesize them 
from the cytoplasm or adsorbs them on to its surface. 

^ Functions 

Few will deny that the Golgi apparatus is involved in the formation 
of the acrosome in the maturing spermatid, fat in developing ova and 
secretory granules in differentiating gland cells. But I have always looked 
with scepticism on accounts assigning a definite secretory role to the Golgi 
apparatus in the formation of these substances. On the contrary, I firmly 
believe that the acrosome, fat and secretory granules are alike formed by 
a direct transformation of the Golgi material. 

As early as 1911, Montgomery, working on the Hemipteran Euschistus, 
described the origin of the acrosome directly from a body called the 
‘sphere' or the ‘idiozome', which we now know to be the Golgi apparatus. 
The account given by Gatenby (*17) for smerinlhus also unmistakably 
proved that the acrosome was formed by a direct transfonnation of the 
acroblasts (Golgi elements). “When formed the acroblasts are quite 
spherical, and their wall is of equal thickness, not more bulging or thicker 
on one side than the other"' (Italics mine). “Within the acrosomal vesicle 
there differentiates an acrosomal granule ....** “I think the acrosome 
is finally formed by the running together of several acroblasts**. It must 
be carefully noted that Gatenby described the Golgi element as a sphere 
and not as a dictyosome, batonette or a crescent, holding the plate-like 
chromophobe material on its concave side — structures which, as I have 
already shown, represent optical sections of spheres with a duplex 
structure. Later in 1920 that doyen of cytology, the late Professor 
Doncaster, whose epoch-making work was cut short by the cruel hand 
of death, in collaboration with H. G. Cannon, showed clearly that the 
acrosome in the louse was formed directly from a rounded body, which 
was considered to be the Golgi apparatus. This account is based on 
preparations made with Flemming-without-acetic, and every line of this 
account bears the imprint of careful observation and interpretation. 
Daljit Singh, one of my M.Sc. students, has confirmed this account in 
every detail (unpublished). 

* Then appeared in quick succession the numerous remarkable publica- 
tions by the late Professor Bowen on spermatogenesis, glandular secretion 
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and technique, which literally took us by storm. required some years 
to digest and to take stock of the masterly array of facts and the innumer- 
able references to obscure but valuable literature, which ’the author had 
taken infinite pains to furnish. The central theme of these publications 
is that the Golgi apparatus is the centre of synthetic activity par excellence 
and secretes the acrosome and* secretory granules without itself becoming 
transformed into these substances. Bowen {*22 a) interprets the acrosomal 
vesicles 'as differentiation — ^rather than direct transformation — products of 
the Golgi bodies* which are essentially ^plate4ike and not spherical* (*20). 
The Golgi body is conceived as a crescent (the chromophilic part) partially 
enclosing the disc-like chromophobic part (Bowen*s idiosome). Earlier 
I have furnished overwhelming evidence to show that such appearances 
merely represent optical sections of spheres with a duplex structure; and 
yet Bowen’s theory of the secretion of the acrosomal vesicle by the 
chromophilic crescent in the idiosomatic substance completely breaks down 
if the Golgi body is a sphere and the chromophilic substance forms a 
complete envelope round the spherical (and not plate-like) chromophobic 
substance. 

A critical study of Bowen’s publications, coupled with my own 
observations on the Decapod sperm, has convinced me that the acrosome 
is formed directly from the Golgi apparatus, and is not a secretory pro- 
duct thereof. It is necessary to consider Bowen’s papers seriaiy^m. In 
the first place Bowen (’20) is not himself certain of the form of the Golgi 
apparatus as in the Hemiptera he talks of a 'more or less plate-like or 
spherical form’ in the same .sentence (p. 337). In the course of sperma- 
teleosis all the Golgi bodies fuse together to form a single large body, the 
acroblast, which 'is a more or less hemispherical body, pressed close to 
the nuclear membrane (Fig. 21), the periphery of which impregnates very 
heayily except for the portion touching the nucleus, where the substance 
which takes the osmic acid seems to be absent’ (p. 339). 'By a process of 
differentiation connected with the chromophobe material occupying the 
interior of the acroblast (Golgi apparatus), and probably at its expense, 
there is formed a large, vesicular body containing a small granule, which 
together form the acrosome of the sperm. The remnant of the Golgi 
apparatus is cast off and appears to take no further part in the formation 
of the sperm , . . .’ (pp. 351-52). 

I find it difficult to accept this interpretation of Bowen for several 
reasons. Bowen has not figured the necessary intermediate stages showing 
the fusion of discrete disc-like Gplgi bodies to form a single large hemi- 
vSpherical acroblast. If such a fusion did take place, a demonstration of the 
inevitable intermediate stages would be absolutely essential. Nath (’32), 
on the other hand, figures all the intermediate stages of the fusion of the 
•Golgi elements which directly form the acrosome in the spermatid of 
Paratelphusa spinigera. Nor has Bowen told us what exactly the 
'spermatid remnant’ is in the spermatid of the Hemiptera, Coleoptera 
and Aptera ; nor again what the 'cliromatoid body’ is in Coleoptera and 
Aptera — not to talk of the 'juxta-nuclear body’ of Chelymorpha. Lastly, 
we cannot ignore the findings of Doncaster and Cannon (’20) and^'of 
Gatenby (*17) in the louse and smerinthus sperm respectively, notwith- 
standing the latter’s ilWbsequent acceptance of Bowen’s interpretations. 

If it is not possible to accept Bowen’s interpretations in the 
Hemipteran and Lepidopteran sperms, how ‘can we accept his interpreta- 
tions in Coleopteran and Apteran sperms where the author is himself 
doubtful about the whole process of the secretion of the acrosome from 
the Golgi apparatus ? In the Coleoptera *the development qf the acrosome 



^ " Proceedings jisi /.S.C, * P(^ri 11 : Presidential Addresses, (ii) 

proper is very difficult to follow, owing to its extremely small size’ (Bowen, 
*24, p. 36a). Similarly in the Aptera the ‘multiple construction of the 
acroblast makes it difficult to observe the actual deposition of the acrosome, 
which is perhaps deposited a little at a time as in the Lepidoptera. In 
the scanty material at my command, the steps in the deposition of the 
acrosome could not be followed satisfactorily . . . (Bowen, ’24, p. 377). 
Again later in 1926, Bowen, ip a paper on glandular secretiop, expresses 
his doubts about the secretory r 61 e of the Golgi apparatus as ‘even in the 
spermatid it is often impossible to effect a demonstration of the relation 
between Golgi apparatus and acrosome^ particularly when the latter is 
of the multiple t5^e’ (p. 443). 

I accepted the interpretations of Bowen (Nath, ’26) like all other 
cytologists including Professor Gatenby, bpt I find it difficult to accept 
them toda3% after my studies of the fate of the Golgi bodies in the 
spermatogenesis of 34 species of the Decapod Crustacea (Nath, ’32, ’37, 
and ’42). In all the three Macruran species studied by me the acrosome 
is conspicuous by its absence, the Golgi material of the spermatid 
disappearing quickly without forming an acroblast. In the four Anomuran 
species studied the acrosome is likewise conspicuous by its absence, the 
Golgi material in Coenobiia and Clibanarius disappearing early in sperma- 
teleosis and in Pagurus even earlier during the ineiotic stages. The 
nineteen Brachyuran genera studied readily fall into two w^ell-defined 
groups! In one group represented by Paratelphusa, Potamon, Ocypoda, 
Macrophthalmus and Maiuta, the sperms are bi-centrosomal and the Golgi 
elements running together directly form an acrosomal ring w’hich, after 
fusing completely with the lips of* the nuclear cup, cannot be recognised 
as a separate structure. In the second group, w^hich comprises 14 genera 
represented by Lepiodius and its allies, the sperms are tri-centrosomal and 
the acrosomal ring is never formed, the acroblast (fused Golgi bodies) 
degenerating completely. Similarly, G. P. Sharma (unpiiblivShed) has 
shown that in the .sperm of the millipede Thyroglutus inalayus, which, 
like the Decapod sperm, is non-flagellate, the Golgi material completely 
disappears early in spermateleosis. 

It will be futile to urge that the Decapod sperm or the millipede 
sperm is atypical. On the contrary, it is no more atypical than the sperm 
of Cicindela and Lepisma (Bowen), or that of ticks in wffiich the Golgi 
elements seen in living cells directly fuse together to form the acrosome 
(G. P. Sharma, unpublished). 

Nor can w^e ignore the findings of Gobind Ram {’37) according to 
whom the Golgi elements directly form the acrosome in Rhysida (a 
scolopendrid). 

Lastly, in view of the findings of Gian Chand (vide supra) and Bell 
(’29), who have demonstrated granular Golgi bodies in the spermatid 
of Cavia and the dog re.spectively, I feel no hesitation in suggesting that 
the pro-acrosomic granules of Gatenby and Woodger (’21) are indeed the 
Golgi elements themselves (and not the secretions of Golgi ‘dictyosomes’), 
which running together directly form the acrosome. 

In spite of the recent defections in the Gatenby school (Norminton, 
’37 and Singh and Boyle, ’38) the doctrine of the origin of fat from the 
Golgi elements in oogenesis is steadily gaining Jlsh adherents. Indeed 
the conception has been recently extended even to spermatogenesis and 
somatic cells. The idea of the origin of fatty yolk from the Golgi 
elements first originated with Gatenby himself and his collaborators. In 
SaAocirrus (Gatenby, ’22) the fatty yolk is ‘probably of the Golgi 
elements’. I^ Patella <Gatenby and Woodger *20, Ludford ’21, arid 



85 


(i2) Section VI, Zoology and Entomology : Golgi Apparaim* 

Brambell ^24) the Golgi batonette secretes fat in the at,tached 'archoplasm', 
without itself metamorphosing into fat ; but it must ; be carefully noted 
that even in this egg some of the Golgi rods (according to I^udford) are 
directly converted into fat. Nevertheless Nath (*24) and Brambell (’24) 
were the first workers to declare unequivocally that the Golgi elements 
are directly converted into fat in the eggs of Lithohius forficatus and 
Helix aspe^sa respectively. Later King (’26), working under the super- 
vision of Professor Gatenby, confirmed the direct transformation of the 
Golgi element into fat in the egg of Oniscus asellus. Still later Nath 
and Nath and his collaborators (see Nath, ’33 for references) described the 
origin of fatty yolk directly from* the Golgi elements in a variety of eggs ; 
and these conclusions were fully confirmed by Gresson (*29, *31, ’33 and 
^^3a) and .Voinov (*25), and in numerous publications by Professor 
Bhattacharya and his pupils at Allahabad.'* 

Chemical and physical affinities apart, Nath laid stress on the 
fundamental morphological similarity between the Golgi element and 
fat vacuole inasmuch as both were spherical in fonii. The Golgi elements 
were conceived as spherical bodies, each having a thick chromophilic 
cortex and a small chromophobic core. Fat appeared in the chromophobic 
core which increased in volume with a corresponding attenuation of the 
Golgi cortex ; and Nath pointed out that the hypothesis of the secretion 
of fat by the Golgi ‘dictyosome’ was based (like the hypothesis of the 
secretion of the acrosome) on an altogether erroneous conception of the 
morphology of the Golgi body {vide stipra). 

Nath has been insisting that the real structure of the Golgi elements 
is granular ; and the granule may or may not show a duplex structure, 
all other appearances— networks, rods, bananas, dictyosomes, batonett^s, 
crescents — being artifacts (vide supra). Confirmation of Nath’s views is 
provided by the recent remarkable work of Hirsch (’39), who has 
described granular Golgi bodies in gland cells, in which complicated 
networks were previously described by such writers as Nassonov and 
Bowen. Unfortunately, Hirsch’s monograph does not seem to be avail- 
able in this country on account of the exigencies of war ; but I have been 
fortunate enough to have had access to a masterly review by Bourne (^42). 

According to Bourne, ‘^Hirsch declares that the solid granules of the 
Golgi substance which show no differentiation into external and internal 
portions really constitute the 'pre-substance* of the Golgi apparatus. 
These pre-.substances are able to build up nets, but they are the only sort 
of nets that Hirsch recognises. The other nets, he claims, are due to 
over-impregnation of .separate bodies by excessive amounts of osmium or 
silver which causes them to link up and simulate a net. These pre- 
substances may be aggregated near the nucleus or distributed throughout 
the cell. Each piece of pre-substance gradually develops a double 
structure with an argentophile and osmiophile cortex ; at this stage it is 
referred to as a Golgi system. A number of joined Golgi systems are 
known as polysystems. The outer part or cortex of the Golgi system is 
known as the externum, the inner part as the internum. Hirsch believes 


* Nath and Bhatia (in press) have shown that the Sudan IV staining spherules 
of the earthworm egjps, which arise directly from the granular Golgi elements, do 
not consist merely of unsaturated fats as they do not stain in the slightest degree 
with Sudan III, Scharlach and Nile blue sulphate. They are probably mixtures 
of fats and lipoids such as cholesterol and phospholipins. These authors consider 
the Sudan IV staining spherules of the alecitlxal egg of the earthwopn merely as a 
stage in the formation of neutral fat from the phospholipin of the Golgi ele^jnents, 
.a process wkich is completed in such eggs as those of kita, OphiocefUalus, Rana, 
* Bmyda, Gallus, Luciola^ Periplmeta, PcSaemon and Paratelphusa, 
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that the product* of the cell is formed in the internum . . . It is of 
very grejit interest Jo note that the internum which is first small increases 
in volume to form the product at the expense of the thick externum 
which, judging from Bourne’s text-figure 28 (redrawn after Mirsch), 
seems to disappear completely, although in the text Bourne does not 
explicitly mention the complete disappearance of the externum. But 
Bourne’s text figure 27 (redrawn after Hirsch) clearly shows J:hat Hirech 
does not know what happens to the externum after the excretion of the 
product. , 

Therefore, so far as I can judge from Bourne’s summary of Hirsch’s 
work, the origin of the secretory granule in the ‘internum’ of the Golgi 
sphere is exactly similar to Nath’s account of fat from the Golgi vesicle. 
Duthie (’34), working on the Harderian gland of the rat; arrived at 
conclusions very similar to those of Nath and Hirsch. According to this 
author, the secretory granule arises in a vacuole, which is, to begin with, 
surrounded by a complete osmiophilic envelope. Later development of 
the granule ‘occurs through a disappearance of the vacuole as in more 
mature cells, the osmiophilic substance being limited to the crescentic 
body^ on one side of the now almost mature granule. It is not clear, 
ho^wever, what finally happens to this osmiophilic cap. Many mature cells 
show granules without it, and its later fate is uncertain* (Italics mine). 

At, any rate Hirsch and Duthie have proved conclusively that the 
conijplicated networks described by Nassonov and Bowen in a variety of 
gland cells, are indeed artifacts. Therefore, the accounts of the latter 
authors assigning a secretory role to the Golgi apparatus, based as they 
are on a mere toi:>ographic relationship between the Golgi ‘nets’ and the 
secretory granules, cannot be accepted. 

The cytologist, therefore, may well congratulate himself inasmuch 
as he has unmistakably proved that the acrosome, fat and zymogen all 
alike arise in the chromophobe material of the Golgi sphere. 

Reverting to the origin of fat from the Golgi elements it is of interest 
to note that the Golgi elements are said to form neutral fats even in 
spermatogenesis ie,g., Casteel ’17, Bell ’29, and Gresson ’42). Bell’s 
account of the transformation of phospholipin into neutral faf is particu- 
larly convincing. Boyle (’38) has showm that even in somatic cells 
(neurones of Helix aspersa) the chromophobe part of the Golgi apparatus 
is fatty in nature, as it stains wdth Sudan IV and Nile blue. Ludford 
(’27) described in tissue culture cells the origin of fat ‘in relationship, or 
by the transformation of, Golgi bodies’. As quoted by Kirkman and 
Severinghaus (’38), Richardson, Macdougald, and Macdougald and 
Gntenby, have also described the transformation of the Golgi apparatus 
into fat in tissue-cultured cells. I^astly, it has been proved conclusively 
that the Golgi bodies contain a high percentage of unsatnrated fats. 

Some may urge that if the Golgi bodies are active protoplasmic 
substances capable- of self-perpetuation how can they be transformed into 
such metaplastic substances as faf and secretory granules? Such an 
obfection will be puerile. For, protoplasm owes its life to the trans- 
formation of protoplasmic vsubstances into deutoplasmic ,ones and vice 
versa. Witness, for example, the transformation of active nucleolar extru- 

• The ‘product' of the cell is the term used by Hirsch to describe the grannies 
pf secretion which are so obvious microscopically in externally secreting glands. 

* The crescentic body is again the optica! section of the really complete osmio* 
philic cortex of the now enlarged Golgi body. 
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sions into protein yolk !® In other words, life is an expression of a conti- 
nuous series of changes, both anabolic and katabolic. ' It may be true 
that mitochondria (which ^re also supposed to be active cell constituents) 
do npt form all the metaplastic sutetances, which they are alleged to 
forih by Meves, Duesberg| etc. (see Cowdry *xS), but we cannot ignore 
the fact that the mitochondria* are found in large numbers in all kinds of 
embryonic, cells, and they decrease in number, becoming more resistant 
to fat solvents, when histogenesis is well advanced. Nor can we forget 
that mitochondria aie directly transformed into protein yolk in some eggs 
(see Nath '31) ; and in spermatogenesis likewise they have not been 
assigned any secretory role, merely relegated as they are to the tail region 
of the si)erm. This tail region may not enter the egg in some cases of 
fertilisation, and even in others where it does normally enter it degenerates 
completely in the egg. 

If the mitochondria of the sperm can be thus dispensed with in ferti- 
lisation, the Golgi elements or the acrosome which they form, must also 
be considered non-essential in fertilisation.^ In the first place it is 
admitted by the exponents of the secretory hypothesis that the Golgi 
bodies are sloughed off after they have secreted the acrosome. Secondly 
all the available evidence about the fate of the acrosome in fertilisation 
seems to point towards the conclusion that it is a useless, at any rate a 
non-essential, appendage of the sperm. In Nereis (Lillie *12) tlie acro- 
some, after breaking into granules in the egg, disappears completely, and 
in Ascaris suilla (Collier '35) it actually forms the cell-wall of the egg. 
Lastly in the majority of Decapod sperms (Nath ’42) and in the millipede 
Thyroglutus malayus the Golgi elements completely disappear without 
forming an acrosome, and in a few Brachyuran species tlie acrosome dis- 
appears after it has been formed. 

Lastly, I may point out the remarkable phenomenon in the red cotton 
bug (Bhandari and Nath, ^30) of the migration of thg Golgi element^ of 
the nurse cells along the nutritive roots into the oocyte where they are 
intermingled with the Golgi elements of the latter. This proves, if inde^ 
any further proof were needed, that the Golgi elements are metaplastic 
bodies in oogenesis, A somewhat similar transference of the Golgi 
elements of the follicular epithelium into tlie oocyte via the channels of 
the zona radiata and fibrillar layer has been described by Erofessor 
Bhattacharya and his pupils at Allahabad in a variety of vertebrate eggs. 
This indeed is a remarkable discovery and emphasizes once more the nutri- 
tive rdle of the Golgi bodies in oogenesis. 

I think I have said enough to conclude that the present position of 
the Golgi apparatus (and the mitochondria) is not so chaotic as it looks 
•and that under the seeming chaos there is sufficient order, provided we 
look at the problem with the eye of both a morphologist and a chemist* 
as urged by Professor James Gray (’31) in those inspiring and prophetic 
w’ords which adorn the title page of the recent remarkable book edited 
by Dr, Goeffrey Bounie (’42) : ’ ^ 

‘Cytology may rightly claim to be the frontier state in the 
biological Commonwealth, for within lip borders biologists 
and chemists find common ground*. 


•See ItfacBride and Hewer (*31) for references. 

• At any rate the boring function of the acrosome in ferfijisalion (Waldeyer). has 
bjsen disproved (Bowen Nath *42). 
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Contusions 

I* The Golgi bodies are not coagulation products, and must not be 
considered as artifacts. On the contrary, they are very real structures 
and have been seen (and even photographed) in a large variety of living 
cells. 

2. In undifferentiated cells the Golgi ^bodies are generally granular 
in form and have a juxta-nuclear position. With the growth and differ- 
entiation of the cell the Golgi granules also grow and get dispersed in 
the cytoplasm. The Golgi granule, which has completed its growth, 
very often show^s a duplex structure with a thick chromophtlic cortex and 
a chromophobic core. The Golgi bodies are essentially spherical in form. 
All other forms — networks, dictyosomes, batonettes, rods and crescents — 
are artifacts, formed by the excessive precipitation of silver or osmium 
not only on the surface but also in the narrow spaces between the granules. 
The osmiophilic platelets of plant cells and the curved dictyosome holding 
the chromophobic ‘platelet* in its concavity are optical sections of spheres 
having a duplex structure. 

3. Chemically the Golgi bodies (and the mitochondria) are mixtures 
of fatty substances (fats and lipoids) linked in some manner with proteins. 
It is very likely that the outermost layer of the Golgi sphere consists of 
adsorbed proteins. There is evidence that the Golgi bodies contain less 
of proteins relatively to the lipoids than the mitochondria. Recently it 
has been proved that the chromophobic core of the Golgi sphere very 
often 'contains vitamin C. It has also been suggested that the Golgi 
material contains enz>mies. 

4. The specific gravity of the Golgi bodies is lower than that of the 
mitochondria and the cytoplasm but higher than that of unsaturated fats, 
as proved by experiments with the centrifuge. 

, 5. Without a doubt the Golgi bodies are active protoplasmic sub- 
stances. They certainly possess the po^er of self-perpetuation, but 
whether they can arise de novo also like the centrosomes nobody can tell. 
Those who categorically deny the de novo origin would give the Golgi 
bodies a status almost equal to that of the chromosomes — a status which 
is not warranted by the available evidence. 

That the Golgi bodies are active protoplasmic substances is also sug- 
gested by their ability to adsorb dyes, metals and organic substances 
such as vitamin C. 

6. The almost universal juxta- or circurn-nuclear situation of the 
Golgi bodies (and the mitochondria) in undifferentiated cells strongly 
suggests that exchange of material takes place between them and the 
nucleus. Again the very close association of the Golgi bodies and the 
mitochondria in such cells lends colour to the claim of Hirsch that the 
‘pre-substance* of the Golgi bodies is derived from the mitochondria. 

7. Never was a hypothesis built on such slender evidence as the 
secretory hypothesis of the Golgi apparatus. There is not an iota of 
evidence to suggest that the manufacture of enzymes is particularly a 
fujjction of the Golgi apparatus. On the contrary, it is very likely that 
enzymes are formed wherever there is protoj>lasm, 

8. The available evidence points towards the conclusion that the 
acrosome, fat and zymogen are all formed by a direct transformation of 
the Golgi bodies, and are not secretory products thereof. 
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SECTION OF ANTHROPOLOGY AND ARCHAEOLOGY 

President Verrier Elwin, M.A. (Oxon.), F.R.A.I., F.N.I. 
TRUTH IN- ANTHROPOLOGY 

{Delivered on Jan. 6, 1944) 


I have taken ‘Truth in Anthropology* as my subject, for this seems 
of great importance at a time when our science has been debased in the 
interest of false racial theories. Truth is specially important also at a 
time when a young science is passing the age of puberty and entering 
maturity. I propose to speak to you very simply as a field-worker. I 
have no theories to advance and no axe to grind. I am concerned in my 
own work simply in recording the facts, and in this speech I want to 
speak to you of some of my experiences in that task and to stress the 
very great need of a high standard of Truth in all our field-work in 
order that the science of anthroix)logy may be established in India, both 
as a means of recording the history of her people and as an instrument 
which may be of value to Governments in caring for and preserving her 
aboriginals. 

It is necessary to stress this, for anthropology is regarded with some 
suspicion in India. There are several reasons for this. The attempt of 
certain scholars and ix)liticians to divide the aboriginal tribes from the 
Hindu community at the time of the Census created the impression that 
science could be diverted to political and communal ends. In earlier 
years the Census authorities tried to distinguish animism and Hinduism, 
Later the expression, ‘Followers of Tribal Religions’, was used. The 
test proposed was to ask a person whether he worshipped Hindu or tribal 
gods. This test was meaningless. The religion of the aboriginals in 
Peninsular India at least is obviously of the Hindu family, Hinduism 
itself having many elements which a theologian would call animistic. 
In the religious columns, therefore, the aboriginals should have been 
returned from the beginning as Hindus. Any other classification was 
worse than useless. It is very difficult even for a trained theologian to 
decide the exact description of the religion of the various tribes. It is 
obviously impossible for an illiterate and ignorant enumerator to do so. 
What we want to know is how many aboriginals there are in India so 
that we can insist that they have a square deal in the counsels of the 
country. But now we know accurately neither the religious nor the 
racial situation, and the unfortunate fact that a number of anthropologists 
interested themselves in the complicated business of deciding the eihet 
way in which aboriginal should be distinguished from the Hindu religion 
has done our science harm in public estimation. 

But perhaps the chief thing that has disturbed nationalist opinion 
in India has been the creation of Excluded and Partially Excluded Ajreas. 
It is an open secret that this move was largely the work of a distinguished 
anthropologist at the Round Table Conference. Nationalist Ijadiist 
Sections 5a and 92 of the Government ^of India Act as an instdt 
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to India’s political capacity, and at the National Congress held at Faizpur 
(ahd again at Haripura) the most sinister motives were ascribed to the 
British Government. Provincial legislators condemned the arrangement 
in the strongest terms, and in a debate in the Legislative Assembly in 
Delhi, Mr. M. S. Aney and Mr. N. M. Joshi condemned all anthro- 
pologists as desiring to keep the primitive races of India ‘uncivilized’ 
and ‘in a state of barbarism’ as raw material for their science and ‘in 
order to add' to their blessed stock of scientific knowledge’. About this 
time there arose the curious criticism of anthropologists that they wished 
to keep the aboriginal tribes in a zoo, a suggestion that can only have 
been made by people who had never mbt an anthropologist or visited 
a zoo. In a zoo an animal is not protected ; it is restrained ; it is taken 
away from its natural environment and deprived of its liberty. But 
what the, anthropologist desires for his people* is the preservation of their 
libjerty, that they may retain control of their natural environment and 
grow to cultural and civic maturity in freedom, happiness and peace. 

As a matter of fact, the Partially Excluded Areas bear no resemblance 
whatever to the anthropologists’ dream. Tliey are very different from 
the National Parks of Nortli America or the Reserves of Africa. They 
afford no real protection to the tribesmen, and their establishment has 
done little except that by.^ irritating public opinion it has drawn attention 
to the aboriginal problem. 

Another reason for the hostility of Nationalist India to anthropology 
is the belief that books describing the more i)rimitive elements in the 
population will have a bad effect abroad and will lower Indian prestige 
in the eyes of foreign observers. It must be admitted that some of the 
books passing under the name of social anthroi)ology may ])0.ssil)ly do 
this, and I must confess that there is little, for examine, in the index 
to Westermarck’s History of Human Marriage to console the Nationalist 
— ‘temple prostitutes’, ‘sexual intercourse with priests of Siva’, ‘deflora- 
tion of virgins in temples’, ‘sacrifice of widows’, etc. — except perha{)S the 
entry ‘Europeans in India, great death-rate among’. > 

This fear reminds me of the story* of the two old English ladies 
when they first heard of Darwinism, ‘Descended from apes, my dear? 
Let us hope it is not true. But if it is true, let us i)ray that it may not 
become too widely known’. 

In actual fact, I believe that the apprehension is largely illusory. The 
people of the world are not so ignorant as we sometimes think. They 
are i)erfectly aware that a jungle and a sky-scrai)er can grow’ up together. 
It certainly is not her si)lendid, virile, honest, kindly aboriginal popula- 
tion that lowers, if anything low^ers, India in the eyes of the world. I 
have frequently talked with American friends on this subject, because 
I have naturally been worried about it, and their reply invariably has 
been along these lines. ‘We too have an aboriginal population, the 
Indian tribes, and we can well understand how i)rimitive and highly 
civilized peoples can exist side by side. We have now learned to admire 
our aboriginals, and all that we have read about yours leads us |o admire 
them also for their simplicity, their childlikeness and their courage. 
Indeed it will only increa.se our respect for India if we learn that Indian 
politicians are able to solve a problem that we ourselves so badly managed. 
We interfered in the life of the Indians and almost destroyed them. We 
trust you won’t do the same thing in India’. 

In any case, it cannot be too often emjihasized that the real business 
of social anthropology^ is not the collecting of exciting and curious customs 
and the recording of bizarre superstitions. It is the attempt to describe* 
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and to make real the entire living beauty of a culture in all its related 
activities. I do not believe that anyone can read the best productions 
of the Functional School without gaining a profound respect for what- 
ever tribe has been described. Indeed I would put this as one of the 
tests of successful writing in this sphere. There are few communities 
of human beings who, when* fully and thoroughly studied and under- 
stpod, do not excite our admiration and even our love. 

As we look back over the history of Indian ethnograx>hy and survey 
the meagre array of books upon its shelf, we can see, I think, why it is 
that our science does not hold a higher place in the counsels of India. 
We have been set some very bad examples. The Ethnographic Survey, 
for all the valable information it collected, was too superficial, too 
Tylorian, too bureaucratic ^nd too dependent on information provided 
by untrained subordinates. Unfortunately it has generally -been for- 
gotten that the volumes of the Ethnograi)hic Survey were prepared 
'primarily as works of reference for the officers of Government’ and that, 
as Crooke said at the time, they were written ‘not so much in the interests 
of anthropological research, as indispensable aids to the work of civil 
administration’. The result has been the establishment of a tradition 
of scrappy hurried work largely divorced from personal observation. 

Another bad example was set by the reports of the Census of India, 
Here again the impression was all too easily created that social anthro- 
pology consisted of a series of notes on interesting and curious subjects. 
It would be hard to imagine anything less like the productions of the 
Functional School than the material contained in these reports. Part 
of it is the obviously inaccurate record of tours in motor-cars. Part does 
not even enjoy this authority. I notice one writer in the 1931 Census 
frankly admits that his contribution is the result of ‘a hasty perusal of 
the books available in the District Office’. 

Another bad habit set by both the Ethnographic vSurvey and the 
Census is the use of subordinate officials as collectors of information. 
Again and again in Russell and HiralaPs volumes on the Central Provinces 
\A’e read that a section has been based on information provided by a 
clerk in the office, by a Tahsilclar or by a Range Officer. For his 
Grammar of Condi, C. C. G, Trench relied very largely on the informa- 
tion provided by his petition- writer— and it is well known that petition- 
writers are among the most prolific authors of fiction in the whole of 
India. The climax of this remarkable scientific method was when R. E. 
Enthoven wrote his Bombay Folk-Lore as a result of questionnaires issued 
to Primary Schoolmasters. 

I do not like to arraign those fascinating little Journals called North- 
Indian Notes and Queries, for they are a continual delight to me and 
^I have a profound admiration for the memory of William Crooke. But 
these too helped to create the idea that anthroi>ology was something like 
stamp-collecting or assembling material in a shop window. Scores of 
tit-bits were arranged : many of them made excellent after-dinner stories. 
But this bore no resemblance to the ^ience of anthropology as we know 
it today. ^ 

I think another unhappy result of the earlier method was the habit, 
which has almost become a convention in- India, of writing, one after 
another, endless monographs on individual tribes. This is really little 
more than the old Ethnographic Survey on a much bigger scale* In each 
of these monographs (and this is specially tnie of the Assam monographs) 
the same subjects are treated again and again. The same points tnusi 
be made over and over for the simple reason that in India all the tribes 
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share to a great degree a common life and culture. There are no doubt 
certain broad divisions. But if we talle Peninsular India, the tribes of 
the centre and the east form a block of humanity which lives everyvi^here 
under almost similar economic conditions, with ideas on marriage that 
vary little from place to place, with a religion that is substantially the 
same. There are differences, of course, and 'it is remarkable how, in spite 
of great similarities, it is still possible after some experience to, recognize 
' one tribesman from another and to distinguish certain points of his 
culture. But some new technique needs to be devised to save us from 
the constant repetition of facts in individual monographs. 

The lack of reality in our Indian ethnographic library is, I think, 
the reason why the Indian evidence is so frequently neglected in general 
'Works of anthropology. In Boas* General Anthropology (New York, 
I93^)> there are only the most meagre references to India. The Index 
gives 'cultivation of rice, folktales, mathematics, paleolithic culture, poly- 
andry and throwing sticks* — which, to say the least, gives a very curious 
picture of our sub-continent. J. I). Unwin, in his Sex and Culture 
(Oxford, 1934), one of the few books which discusses the value of its 
authorities before proceeding to quote from them, declares that although 
he studied the Veddas, Todas, Oraons and 'other famous peoples of India 
and Ceylon’, he did not feel able ‘to ])lace the requisite value upon oitr 
knowledge of them’ and hence omitted all references to them in his 
discussions. On the other hand, he found no fewer than twenty-eight 
American Indian societies which had been studied in a sufficiently 
scientific manner for his purpose. 

Even this neglect, however, is better than the indiscriminate and 
uncritical quotation to which India has been subjected by writers like 
Frazer, Westermarck and Briffault in sui>port of their various hypotheses. 
These writers seem to quote anything and everything so long as it is in 
print. With glorious indifference they reproduce the opinions of 
scientists, officials, politicians (so long as they are on the Imperial side), 
•missionaries, tea-planters, chance travellers and chaprasis. The only 
standard of judgment appears to be political re.spectability and the fact 
of being in print. I remember that once when that great scholar- 
missionary, Edwin Smith, was staying with me in Mandla, I apologized 
to him for a number of scraps of newspaper that were littering the 
compound. 'It is a curious thing’, I said, 'that whenever an aboriginal 
cleans a place, he carefully avoids tidying up any bits of paper. He 
cannot believe printed matter to be rubbish*. To which Edwin Smith 
replied, ‘What optimists your aboriginals arc!* I think we may ascribe 
a similar spirit of optimism to some European writers in their references 
to India, for they cannot believe any printed matter to be rubbish. 

A particularly bad example has recently occurred in an important 
and almost standard work, Modern India and the West (Oxford, 1941). 
Mr. O’Malley, a scholar of distinction, whose recent death wx‘ must all 
deplore, gives a description of the Juangs which is based on Vivian Meik's 
The People of the Leaves, O’Malley quotes this 'first-hand account* as 
shoTving that in the State of Rairakhol the Juangs are at ‘the nadir of 
primitivism*, still only wearing leaves, unable to count above five and in 
their sexual relations observing no table of kindred or affinity, but 
living like animals. The People of the Leaves is a spurious work which 
was exposed by Sarat Chandra Roy in the pages of Man years ago. There 
are no Juangs ui the State of Rairakhol, and there is evidence that the 
authdr never visited the villages he describes and his photographs are 
not of Juangs but of Bhuiyas dressed for a certain festival. Meik’s account 
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of the Juangs is false in fact as well as in sentiment. The Juangs are 
actually particularly strict in their sexual relations and their regard for 
the table of affinity. Yet here is a responsible writer in an important 
work using as his authority a book which a moment’s enquiry should 
have shown him to be utterly untrustworthy. 

Another misuse of our authorities, which in this case is due more to 
the authorities than to those* who use them, is a habit which mars the 
otherwise . admirable and stimulating monograph of O. R. Ehrenfels, 
Mother-Right in India (Hyderabad, 1941). Here the author gives lists 
of tribes which have such institutions, as for example, of the serving 
marriage, sexual liberty, matrilocality, etc., and bases his lists on informa- 
tion collected from the volumes of the Ethnographic Survey. The result 
is apt to be mi.sleading. For example, almost every tribe and caste men- 
tionM in Russell and Hiralal’s book on the Central Provinces has the 
institution of the serving marriage, but the authors do not trouble to 
mention this fact in more than a few cases. To make a list, therefofe, 
of the tribes for whom this institution has been specifically mentioned 
is to give the impression that these are the only i)eople that have it, and 
this is incorrect. It is also hard to see how anyone could base his ideas 
of sexual liberty among the aboriginals on the works of Russell, Thurston 
or Risley. 

Truth in anthropology demands a scruijulous adherence to the highest 
rules and standards of field-work. First and foremost I would* put the 
length of time that an investigator should spend among his people. Some 
years ago I heard Westerniarck deliver the Huxley Memorial Lecture, 
and I will always remember his describing how forty years before, when 
he was preparing his book The Origin and Development of the Moral 
Ideas, he thought it might be useful for him to acquire first-hand know- 
ledge of some forms of culture differing from his own, T intended’, he 
said, ‘to go to the East to study both civilized and savage races, but 
^iled first for Morocco. And I never went farther. I soon realized 
what a laborious undertaking it is to acquaint oneself sufficiently well 
with the people even of a single country. Morocco offered the advantages 
of being little explored as a field for anthropological studies, absolutely 
untouched by niodeni civilization, and within easy "reach of Europe. I 
went there time after time, preparing my trilogy on the customs and 
ideas of the Moors, which was based off my experience among them during 
nine years in the course of more than three decades*. But here in India, 
particularly where anthropological work has been mainly the hobby of 
persons otherwise busily engaged, how short has been the time given 
by many investigators to their task I Ruben wrote his massive work on 
the Asurs after a stay among the tribe of less than a month. Indian 
writers, whom I will not name, have produced articles and monographs 
after a week or a fortnight’s stay in tribal villages. My own book on 
the Baiga was published seven years after I had settled down in the Baiga 
country, yet I am still today discovering new facts about the tribe and 
points where I should like to modify ray early conclusions. 

Westermarck, in the lecture to which I have already referred, jyas 
(I am glad to say) emphatic that the proper training of field-anthro- 
pologists was a matter of first-rate importance, but he disagreed with 
Radcliffe-Brown’s statement that we can lio more rely on information 
given by untrained observers in social anthropology than we can rely 
on the observations of an untrained person in such sciences as geology, 
physics, or chemistry. Tf this was the case’, says Westermarck,^ *we 
^ould scarcely Mve any comparative anthropology at all, for the numte 
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of properly trained ethnographers has hitherto been exceedingly smair. 
Indeed in India they could be counted on the fingers of one hand. Indian 
ethnography has suffered undoubtedly from the absence of trained 
observers, but it has gained from the work of people who have, spent their 
whole lives in the country they describe. 

Westermarck very rightly stresses linguistic qualifications. ‘A know- 
ledge of the language*, he says, ‘is in my opinion an indispensable qualifica- 
tion for which no sociological training dan serve as compensation. To be 
able to converse freely with the people without the aid of an interpreter 
should be the field-anthropologist’s most serious aspiration*. 

Another quality that makes for success is a simple habit of life and 
a sympathetic' temperament. The field-anthropologist must get right 
among the people. It is essential that he should travel light. It has 
been recalled that the late Maharaja of Bitcaner used to travel through 
famine areas in his State accompanied by but a single servant. You can- 
not observe mankind from tlie howdah of an elephant or the seat of a 
motor-car. I once went on tour in a State that was, I think, a little 
nervous about what I might discover, but did not like to say so. In 
order to ensure, therefore, that my investigations should bear the least 
possible fruit the authorities smothered me with kindness. I was pro- 
vided with no fewer than eighteen chaprasis. I was given elephants, 
tents and furniture in abundance, a large double bed, a dressing-table, 
clothes-Iacks and two commodes. The natural result was that the 
hundreds of unfortunate villagers, who were impounded to move my 
goods from camp to camp, were so exasperated at the work they had to 
do, and so bothered by the number of visitors they had to support that 
I. practically got no information at all. The anthropologist should aim 
at being what Chesterton in one of his excellent detective stories called 
‘a mentally invisible person’, someone who will fit as far as ix).ssible into 
the picture. It is very difficult for a foreigner to do this except after 
long residence in an area. But Indian enquirers should be able to adapt 
themselves and achieve it without difficulty. 

But, although the investigator must on one side be the perfection of 
sympathy, on another he must be suspicious. In his enquiries he has 
to be both detective and magistrate, for, i>articularly in India, even the 
friendliest tribes throw up a barker of concealment to hide their most 
cherished ideas and customs from the prying eyes of the stranger. The 
investigator has to follow every little clue if he would track down the 
information that is sometimes as elusive as the solution of a baffling crime. 

Sometimes the people are afraid of giving information. This parti- 
cularly applies when you are investigating any tiling that approaches the 
realm of w^hat is called criminal or forbidden. There is the very natural 
feeling that the visitor may possibly be a policeman in di.sgui.se. The 
fear, moreover, is not only of iiossiblc inconvenience or punishment, but* 
many tribes believe that it is literally dangerous to give information to 
outsiders. After W. V. Grigson, the most sympathetic of observers, had 
finished his enquiries in Maria villages, the people attributed every sub- 
sequent depredation of tigers to the information they gave him. I myself 
was at one time believed to have made all the women of an area barren. 
Some tribesmen have ceremonies to purify their villages after the Census 
operations have defiled them. 

Such timid informers are, however, less dangerous than the self- 
righteous and pious. These are the people who will say ‘No’ to every- 
thing which they think might lower the reputation of their tribe in 
foreign eyes. Throughoyt Bastar State, for example, the village headman 
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everywhere deny that they eat beef. Yet beef-eating is universal. But 
the tribesmen imagine that to admit it may bring upon themselves the 
scorn of neighbouring Hindus. The institution of the village dormitory 
is constantly denied by tribes where its authority is beginning to decay 
and where the people’s belief in it has been shattered by external 
criticism. Raymond Firth h§s an interesting account of a witness of 
this type. He describes how he followed through the Eastern Solomon 
Islands in’ the footsteps of Rivers. ‘And while I admired the industry* 
with which he had amassed so much of his data from brief calls at 
villages and sessions with natives on the deck of the vessel, I became 
increasingly convinced of the arid quality of this material, its super- 
ficiality and lack of perspective. This impression was confirmed by my 
stay in Tikopia. Rivers himself was there for only a single day and 
nearly the whole of his accohnt, as he himself stresses, was derived from 
John Maresere, a native of Uvea who had lived for twenty years on t^e 
island. To this man’s information Rivers attached an exaggerated value. 
Forgetful of the lessons of his own field-work among the Todas, which 
demonstrated the prime importance of lengthy personal contact with the 
people, he was content to reproduce the material of a single informant, a 
foreigner, collected in a lingua franca, without the possibility of check 
by direct observation. Hence the account is inaccurate in a great many 
details of custom and language, even in such simple matters as behaviour 
towards chiefs, and the picture of Tikopia life is over-simplified and 
distorted. 

‘His presence on the deck of a Mission vessel may have accounted 
‘for Maresere’s denial of the existence of polygyny, of which there w^ere 
a number of cases, many more than now, while his own personal situa- 
tion may have led him to state that adultery was rare. “In particular”, 
said Rivers, “John was most emphatic in his statements that a married 
man would never offend with an unmarried woman”. One can perhaps 
understand the vigour of this when it is realized that it was precisely 
for this offence, committed with the sister of his “father” and protector, 
the Ariki Tafua, that he had been banished from Tikopia’. 

The exact opposite of this type of informant is the professional 
savage who has been investigated before and has been rewarded. He 
generally wants to say too much and, although he seldom has the wit 
to invent customs that would be of interest to* the ethnographer, he may 
give a distorted picture of his people by over-emphasizing those things 
that he thinks will appeal. I myself fell into a trap of this type when 
preparing my book on the Baiga. In a neighbouring village there lived 
a very famous old Baiga called Jogi Dewar. This ancient, who had a 
vivid recollection of the Mutiny, had made a collection of old solar topis 
that had been presented to him by Conservators of Forests over a period 
\)f fifty years. Shortly before his death, he celebrated his marriage with 
his own grand-daughter. I was at that time interested in such relation- 
ships and, although Jogi was a familiar visitor at my house, I went to see 
him and got his story. He gave me his genealogy and showed that the 
girl was his ‘real grand-daughter’, that’ is to say, the daughter of his own 
daughter. With great amusement he introduced to me his son-in-law who 
was, of course, at the same time his father-in-law. I wrote at the time 
that T do not know how much of his life-story is true, but it is very 
interesting’. But everything about the incident seemed perfectly straight- 
forward and I recorded it. Then Jogi died and a year or so afterwards 
his son came to see me, and on account of a lingering doubt in mf mind 
I. began to discuss with him the old man’s last piarriage. And now the 
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son declared that the girl Jogi had. married was not the daughter of his 
own daughter, but the daughter of his own brother's daughter. Of 
course, in Baiga e3^es this relationship is precisely the same. But when 
I asked why Jogi had so carefully deceived me in the matter, the son 
laughed and said that in fact he had done so for the publicity. He had 
thought that people would be more interested in him if they thought 
he had married a girl in that particular relationship. Actually the son 
told me the situation was even more curious than Jogi had originally 
revealed. The girl had married two husbands at the same time ; one 
of them was Jogi and the other a young boy who was Jogi's own grand- 
son. The boy went round the pole witlr the girl four times and Jogi for 
the remaining three, and so the girl married at the same moment ‘grand- 
father’ and ‘grand-son*. But in fact I believe the whole thing was in 
this particular case little more than a publicity stunt. 

, In our investigations we should always suspect a negative. A. N. 
Mitchell once told me that when he was compiling his Gondi Grammar 
his experience was that at first he would put down that a certain linguistic 
form was unknown, for everyone would den>^ it. In a month or .so he 
would cross out the word ‘unknown’ and init ‘rare*. In six months he 
might find himself changing ‘rare* to ‘occasional’, and in more than one 
instancy the final word was ‘common*. If this is true of comparatively 
innocuous matters like the use of verbs and adjectives, how much more 
it is likely to be the case when we are dealing with such subjects as 
religion, sex or death ! 

One of the most important needs of social anthropology is that it 
should be firmly based on statistics. By no other means can we eradicate 
from our literature the baneful presence of the general statement. This 
is particularly necessary in questions of sex and marriage, about which 
WTiters in India have a passion for being discreetly vague. Thus Unwin 
laughs at such statements as that ‘The girls are modest and beautiful, 
the majority chaste*. A distinguished writer once committed himself to 
the opinion that no girl of a certain tribe ever came to her marriage as 
a virgin. By what possible means could this remarkable piece of infor- 
mation have been achieved, except by direct revelation from Above ? 
Westermarck writes about polygyny in Central India and bases his views 
(which are very controversial views) on the opinions of Forsyth and 
Hislop, an article in the Calcutta Review and the childish Wild Tribes 
of India by Rowney. But how could these authorities possibly have had 
any real knowledge of the prevalence or otherwise of polygyny in the 
backwards of Central India at that date? They could have had nothing 
more than the most general idea. The value of statistics in the discussion 
of such a question as this is well shown in a story from the eighteenth 
century. A gentleman was talking to Samuel Johnson about France and 
told the great lexicographer that in that country as soon as a man dl 
fashion married, he took an opera girl as his mistress, declaring this 
to be the general custom. ‘Pray sir’, said Johnson, ‘How many opera 
girls may there be?’ The gentleman answered, ‘About four score*. ‘Well 
then, sir’, replied Johnson, ‘You’ see there can be no more than four 
score men of fashion who can do this*. 

In attempting to reach the realities of tribal life, I believe that tribal 
poetry is of the first importance. There is a remarkable passage in 
Leigh Hunt which describes how poetry leads us on from dry fact to 
living reality. 

• ‘Poetry begins where matter of fact or of science ceases to be merely 
such, and to exhibit a further truth ; that is to say, the connexion it bas 
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with the world of emotion, and its power to produce imaginative pleasure. 
Inquiring of a gardener, for instance, what flower it is we see yonder, 
he answers, lily**. This is matter of fact. The botanist pronounces 
it to be of the order of “Hexandria Monogynia**. This is matter of 
science. It is the '‘lady** of the garden, says Spenser ; and here we 
begin to have a poetical sense of its fairness and grace. It is 
. ^ "The plant and flower of light**, 

says Ben Jonson ; and poetry then shows us the beauty of the flower in 
all its mystery and splendour*. 

The evidence of folk-song, story, proverb and riddle is the authoriza- 
tion of our other material, for here are actual documents which can hardly 
be forged. Here we have the traditional tribal approach to every problem 
recorded by the people therqselves long before we asked our questions or 
disturbed them by our presence. For too long a time anthropology has 
regarded these songs as linguistic si>ecimens. It has relegated them .to 
appendixes. It has been remarkably slow in weaving them into the 
main texture of tribal life and thought. Westerniarck, in the lecture 
to which I have already referred, urges the collection of proverbs, both 
as a linguistic exercise and for the light they throw on social institutions. 
The work done by W. G. Archer on the folk-songs of Bihar is a signi- 
ficant step forw^ard in modern ethnographic studies. 

A science must take the help of science in proclaiming its findings 
to the world. There is no more excuse today for an anthropologist to 
publish his w^ork in a badly printed, badly illustrated form than there 
is for a doctor to do an operation with rusty and broken instruments. 
The purpose of an author is to be read, and I believe that at least one 
reason w'hy so little attention is paid to Indian ethnographical wwk.is 
that it has appeared in such a faulty and imperfect form. The distin- 
guished work of Sarat Chandra Roy, for example, suffers greatly from 
the imperfect printing of his text .and quite shocking reproduction of 
his illustrations. In his case there w^as a reason for this, a reason w^hich 
is so characteristic of his goodness and charity that one can forgive him. 
He believed that it was his duty to give the w^ork of producing books 
about aboriginals to the aboriginals themselves and, therefore, entrusted 
their publication to a little printing press run by Mundas in Ranchi. But 
other wTita^ have not this excuse. 

Few^ people in this country appear (if I may judge from the manu- 
scripts received for publication in Man in India) to have any notion of 
how to prepare matter for the press. In a recent article of 12 pages 
which I was sent, I found no fewer than 141 mistakes. Some of these 
mistakes are cleared up in proof, but far too many inconsistencies carry 
through on to the printed i>age. The time to read a proof is before your 
manuscript is set up in print. Science has brought the art of photo- 
graphy to a very high degree of perfection everywhere — except in anthro- 
pological publications. There is no real excuse for producing pictures 
which are badly centred, which are full of irrelevant background (as 
when Roy gives us a photo of an Uraon in full war-dress against the 
background of the Anglican Cathedral at Ranchi). Expert advice is 
available and should always be consulted. 

The technical problem of how to deal .with words in the Indian lan- 
guages is very great. H^re again the scientist must remember that the 
purpose of an author is to be read. If his book is full of unfamiliar words, 
especially if these ;^i’e printed in italics and with accents and worst of all 
with diacritical marks (those ‘damned dots*, as a celebrated politician 
*oice called ilecimal points), he has no hope of a world public. I think 
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we ought to have a convention about the spelling of Indian words and 
their accentuation, about how many and which should be printed in 
italics, and whether or not the damned dots should be included. My own 
opinion, and I believe it to be the view of at least one of our great 
University Presses, is that we should aim at a simplification of all these 
things. In the first place, as few Indian ^w^ords as possible should be 
given in the text. I strongly recommend the adding to every monograph 
of social anthropology a classified glossary on the lines of Grierson *s 
Bihar Peasant Life, In this way all relevant words will be given in a 
place w^here the linguist can find them most easily, and they will not 
disturb the eye and distract the attention* of the reader who seeks other 
kinds of information. 

In the glossary the spelling of words should be as phonetically correct 
* as possible, but in the text I think we should aim at simplification. The 
Kxfglish language is not a phonetic one. It does not allow for accents. 
It certainly does not permit the use of squiggles above the line or dots 
below it. Take, for example, the printing of Latin w’ords in English 
books. The proper pronunciation of Latin words is a matter of the 
utmost concern to the ordinary Englishman who seldom now^adays knows 
how to achieve it. Yet publishers never permit the placing of any accent 
upon Latin words. Least of all should this be done when words are 
printed in Roman type and not in italics. It is both pedantic and in- 
consisterrt;, for example, to put accents on the names of places which 
themselves have already been anglicized. The height of inconsistency is 
found where an accent is put on a word like Maratha and the w'ord is 
then given a w^holly illegitimate English plural. 

Henry James sets as the ideal of a writer of fiction, ‘to put all that 
is possible of one’s idea into a form and compass that w ill contain 'and 
express it only by delicate adjustments and an exquisite chemistry, so that 
there will at the end be neither a drop of one’s liquor left nor a hair’s 
breadth of the rim of one’s glass to spare’. That is an ideal for the 
artist, yet it is noteworthy that it is juit in a simile drawn from science. 
'The anthropologist, who has to deal with poetry and tho.se manners and 
emotions which in other hands provide material for the novel, as well 
as with topics more technically ‘scientific’, has a si>ecial duty to make 
his work artistically perfect as well as scientifically correct. Art and 
poetry are the sisters of science in the great family of Truth. 

All these things, you will sa}-, arc simidc enough ; some of you may 
even consider that they are elementar\". Yet I believe that the neglect 
of these principles has done harm to our cause in India, and I felt it 
w^as my duty to draw^ the attention of my fellow-students to the need of 
their observance. 

For anthropology must be established in its rightful place in India ; 
it is urgently needed for the life and safety of the tribesmen. A whole 
wmld of Indian life and culture is rapidly i>assing away without proper 
record, because we are not doing our field-work properly. The collec- 
tions in our Museums and the teaching in our Universities arc equally 
inadequate to the task that lies ahead. A very great change must be 
introduced, and I believe myself that that change will only come as w*e 
establish ourselves more and more firmly in the idea of Truth. 

Mahatma Gandhi has .set ns all thinking again in terms of Truth. 
Above the changing flux of earthly exi.stence there rises the Eternal 
Tmth, in that Yonder which is the true home of man. And since man 
was made for Truth, he is restless until his feet are on the highroad w^hich 
wdll lead him to his home^ For the Truth of science is no static thing ;• 
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for his whole life man must pass from truth to trutii. ‘All Truth is a 
shadow except the last — except the utmost, yet every Truth is true in 
its kind'. The scholar's life becomes a daily parting with shadows— and 
some of these will have become dear to him. Yet he knows that of all 
the adventures of which the world is full, there is not one that can com- 
pare with his. For other ambitions and desires seek partial and imperfect 
ends : he alone has set out for the Whole. Tt is for this', says Plotinus, 
‘that souls must run their ultimate and greatest race : the prize of all 
their striving is tliis, that they be not without portion in the supreme 
spectacle. Blessed is he whose ^eyes have seen the blessed vision : but 
he that fails in this has verily failed. For a man may fail to win fair 
bodies, may fail to win power or office or a king’s throne and yet it is 
not failure ; failure it is, although he should gain all else, if a man fail 
of This — for whose winning he ought to reject thrones and principalities 
of all the earth and sea and sky, if by leaving these behind him and 
looking beyond them his vision might be converted Thither and he should 
see’. 

And the scholar’s quest is one that cannot fail. Truth is the one 
thing that cannot be sought in vain. He may not find the truth he 
expects, or even the truth he wants, but he will one day, if he has been 
loyal to the spirit that drives him onward, see the veils of ignorance and 
delusion torn away and the shadows of partial understanding banished 
by the pure radiance of the F.ternal Truth in its beauty. Then the 
scholar will himself be transformed into Truth, and one with Truth that 
is eternal, he will find his immortality, perhaps the only immortality 
there is. 
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Choice of Subject 

I have chosen the subject of medical education because, firstly, the 
subject is of importance not only to medical men but also to the govern- 
ment and the general public. For, on the standard of medical education 
reached in any country largely depends the soundness of the medical 
men, the efficiency of medical service provided by government and its 
usefulness to the community. Secondly, when I was appointed professor 
in a postgraduate teaching institution in 1934 my active interest in 
medical education started. The close contact with students from the 
different medical colleges and schools in India was an eye-opener to me 
as to the true standard of undergraduate medical education in the country 
and it impressed upon me the need for improvement in certain directions. 
A study of the position of postgraduate medical education in which my 
special interest lay likewise revealed that the facilities provided so far 
are utterly inadequate to meet the growing needs of the country. 
Although several prominent medical men had formed a similar opinion 
and had given expression to that view, no one had formulated a cons- 
tructive programme for adoption. Thirdly, within the last decade 
several books have been written and many articles have ai)peared in 
foreign medical journals on ‘'State medicine**, “Social medicine’*, 
“Medicine and human welfare** and other allied subjects. These clearly 
indicate the trends of thought in western countries and the lines on 
which medical education of the future is likely to develoi>. A study of 
these has created an unrest in the minds of medical educationists in this 
country as elsewhere. While some conservative members among the 
educationists still remain convinced of the excellence of existing systems 
and institutions, the progressive elements, conscious of the benefits thaf 
are likely to accrue to the profession and to the public from the adoption 
of the newer schemes, feel that the existing educational institutions 
should be suitably reorganised so that they may produce “|)hysicians of 
to-morrow** rather than “i>hysicians of yesterday” as at present. Lastly, 
despite the atmos|)here of w^ar, the growing financial stringency all 
around and the uncertainties of the future, people are thinking of post- 
war reconstruction. They are discussing freely programmes of all kinds 
in almost every field of human activity. It is not unreasonable therefore 
for the Indian medical profession to discuss medical education which is 
the^ pivot on which the future of the profession rotates. Furthermore it 
is now over one hundred years since the first medical college was 
established in India and it is time we, medical men, took stock of the 
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achievements of other countries as well as our own in the educational 
sphere, expressed our hopes and aspirations for the future, prepared ap- 
propriate schemes for improving our system and got them executed as 
quickly as possible, after the war is won. These then are some of the 
reasons for my choice of the subject and I shall now take up the subject 
proper for detailed considerati9n. 

Dual Standards 

In India we have a dual standard of medical education. There 
are medical schools turning out licentiates who are men of a lower 
standard and medical colleges producing university graduates who are 
men of a higher standard. The lower standard of medical qualification 
had to be instituted in India as in many other countries chiefly for 
economic reasons and as an interim expediency in the evolution pf 
medical education. Now, with the exception of India and Russia, there 
is no other country in the world which retains this dual standard. 
Russia is fast trying to abolish the lower standard and develop' the higher 
and she has gone a good way in achieving this object. India too has 
unanimously resolved that the lower standard of education should be 
abolished. Provinces like Madras and U. P. have already given effect 
to this resolution and the other provinces, but for the war, would have 
followed their good example by now. Nevertheless, we may hdpe that 
in the very near future India will be having only medical colleges and 
no schools. Therefore I shall consider here mainly the position of 
medical education in our colleges making passing reference to the posi- 
tion in the schools wherever necessary. 

Adequacy 

In considering the needs of medical education of a country, almost 
the first question that arises is, “Are there a sufficient number of medical 
institutions producing the requisite number of medical men?“ The 
standard aimed at in western countries is to have enough medical 
colleges so that, there will at least be one qualified doctor for every 
1,000 of the population. Britain with a population of 50 millions has 
35 institutions and 61,420 doctors ; U. S. A. with a population of 
130 millions has 77 institutions and 150,000 doctors ; Russia with a 
population of 180 millions has 72 institutions and 120,000 doctors ; India 
with a population of 388 millions has 37 institutions and 42,000 doctors. 
According to the w^estern standards mentioned above, India should have 
at least 400,000 doctors or ten times the present number. The ten medical 
colleges and 27 medical schools in existence in India are jointly pro- 
ducing every year about 1,700 new doctors. At this rate it is easy to 
calculate how many years India will take to produce the requisite number 
of doctors. Unless some practicable plan is put forward tq^Jiasten pro- 
duction (without low^ering the standard and without considerable extra 
cost) there seems to be no hope of k>lving this question of inadequacy 
of doctors in the near future. 

It may be argued that even if the requisite number of doctors are 
made available it may be difficult to induce them to settle down in rural 
areas where they are* most needed and to face continuously the various 
hardships prevalent in these areas. My answer to that is, that the 
difficulty is not an insurmountable one, provided a comprehensive scheme 
of selection, training and employment of rural medical <^cers can he 
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adopted. I propose to present at a later stage such a scheme for your 
consideration. 

Stage 

If we trace the evolution of medical education from the ancient times 
to the present day we find that it has passed through at least six distinct 
stages of development. In the first stage, disease was believed to be 
caused by the anger of gods and it had to be fought by spiritual means 
and by the appeasement of the irate gods. Medical education meant the 
production of the ‘‘priest doctor”. In the second stage, some knowledge 
of the uses of herbs and medicines in the treatment of disease had been 
acquired. This knowledge was possessed by a few men only aqd they, 
cloaked in empiricism and personal prejudices secretly imparted the 
knowledge to their apprentices and assistafits. Medical education then 
iqieant the production of the “quack doctor”. In the third stage, sys- 
tematic knowledge based on experiment, observation and inference had 
accumulated. There was no secrecy about this knowledge. Training in 
medicine began to be given to suitable pupils by groups of qualified men 
competent to undertake the responsibility. Medical institutions sprang 
up and these gave courses and issued diplomas. Medical education meant 
the production of the “tradesman doctor” or in other words the doctor 
who sold his knowledge for money to his clients. In the fourth stage 
with thfe development of the scientific outlook, universities stepped into 
the picture and organised medical education on sounder lines, advocating 
the advancement of knowledge for its own sake and placing higher ideals 
in front of the medical men. Universities provided ample opportunities 
for specialisation in the various branches of medicine and encouraged 
research. Medical education meant the production of the “professional 
doctor” with a scientific outlook who practised medicine not only as a 
vocation but also as an art. In the fifth stage, with the increase in 
knowledge of the causation and i)revention of disease and consequent 
recognition that medicine had not only a curativ^e side but also a preven- 
tive side, the practice of preventive medicine began to be recognised as 
an additional responsibility of every medical practitioner. Medical educa- 
tion stressed the importance of preventive medicine and it produced the 
“preventive doctor” with the dual resixmsibility of }>re venting and 
curing disease. In the sixth stage, which is just being reached, medical 
education is taking one more step forward and training men not only in 
the principles of prevention and cure of disease but also in the methods 
of maintaining health of individuals and communities. In other words, 
stress is being laid on the importance of solving problems pertaining to 
“positive health” in addition to those relating to “negative health”. 
Medical education has now come to mean the production of the “health 
doctor” with one more responsibility added to the existing list, namely,* 
the responsibility of helping i)eople to build U[) i)ositive health. Judged 
on the basis of the above classification we find that different countries 
have reached different levels. For example Russia, in which the State 
and the people are one, is already' in the sixth stage, while Britain and 
U. S. A., which are democratic countries, are in the fifth stage and 
nearing the sixth. India, which is a dependent country, is mostly 
between the third and fourth stages and just touching the fringe of 
the ^th stage. D^pite the fact that all the medical colleges in India 
are affiliated to Universities, education in them is not planned according 
^ the true principles of university education as enunciated by Abraham 
Flexner nor does it stress sufficiently forcefully the preventive outlook or 
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the positive aspect of health. The outlook of most» if not all, medical 
colleges is still to produce the “tradesman doctor “ who can prescribe a 
bottle of medicine ot use a surgical instrument for the. cure of disease. 
Although I fully realise that the stage of evolution reached by any 
country largely depends upon the political, social and economic status of 
that country I am also convinced that a good deaf^ depends upon the 
initiative and enthusiasm of the medical profession and, upon the generous 
public support that it is able to command. If Indian medical colleges 
are found lagging behind, the responsibility for that cannot be placed 
entirely on government ; the profession and the public must share and 
share equally that responsibility. A study bf the rapid progress that is 
being made in U. S. A. in medical education shows how much the 
country owes to the energetic efforts of the American Medical Associa- 
tion, to the philanthropic i>upport of an enlightened public and to the 
wise lead of certain progressive universities. 

Objectiv^ES 

The objectives aimed at by a medical college generally give an idea 
as to the quality of education it imparts. Colleges of higher rank have 
invariably in view approved objectives and suitable programmes for 
attaining them. In choosing their objectives the colleges take into con- 
sideration mainly three needs — the needs of the country, the heeds of 
the profession and the needs of science. The recognition of the impor- 
tance of the first helps to plan suitable programmes for producing the 
right type or t3q3es of medical men who will best serve the people, the 
second helps to provide suitable facilities for maintaining a high standard 
in the profession and the third helps to formulate suitable research pro- 
grammes for the advancement of science. Unless these three objectives 
are kept in view by a teaching institution it cannot be considered to have 
attained a high rank. Judged by these standards most Indian medical 
colleges can be said to have objectives that need revision. 

India is x>r^‘dominantly a rural country. 95 per cent of her vast 
population live in rural areas. The majority of these receive little or no 
medical aid. Although there are over 42,000 qualified doctors in the 
country, they are mostly distributed in urban areas. The majority of 
the doctors i)roduced in our colleges are averse to settling down in rural 
areas for one reason or another. The few^ that do are unable to cater 
to the special requirements of the rural people and to adapt themselves 
to the conditions of the villages for long. This unfortunate situation 
is due to a number of factors one of which is that our colleges do not 
produce the right type of rural medical practitioners. Only if and when 
they produce this special type they w^ould be considered as having catered 
*lo the country’s needs. What is needed is a band of doctors with true 
missionary zeal, wdth genuine rural bias, with proper understanding of 
the diverse rural problems, medical and non-medical, and with high humani- 
tarian ideals, who will be content to devote their lives and knowledge 
at least for a set period to the service of the people for a small reward. 
The country needs and demands such a band of selfless workers and it 
is not difficult to constitute that band if one. goes about in the right way. 
It is the duty of our medical colleges to select the right type of men, 
train them suitably and make them available to the rural people who 
badly need them. It can be done even under the present economic con- 
ditions and available resources and I shall present my scheme for • that 
later. 

14 
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While no one can deny that the majority of graduates from our 
medical colleges compare well with those of other universities, the same 
is not true of the products of our medical schools. And because the 
bulk of the medical profession in India today is composed of the latter, 
the average standard of the medical profession could not be regarded as 
high as it should be. The situation would have been much better had 
our educational institutions realised earlier that medicine 'is a progressive 
science, that new knowledge is being added very rapidly and 'that if a 
physician is to keep abreast of all recent advances, opportunities for 
continued study in the fields in which he is interested must be made 
available to him at regular and frequent intervals throughout his profes- 
sional career and that this is one of their primary responsibilities. Our 
, medical institutions have all along known that the education of the 
majority of our medical men practically ended with graduation. They 
have also known that it is largely left to the initiative of the individual 
doctor to train himself in the best way he could after graduation. And 
yet they failed to organise proper postgraduate courses for our men, i)arti- 
cularly for the general practitioner. Where our educational institutions 
failed, there it was the duty of our medical associations to have step{)ed 
in ; but these too have not given the lead in the matter so far. Unless 
it is realised that the general inactitioncr represents the bulk of the pro- 
fession and constitutes its real backbone and unless well organised pro- 
grammes* of postgraduate education arc offered to him as well as to those 
interested in other branches of medicine periodically, we can never hope 
to raise the standard of the profession to the level reached by other 
countries. This being one of the vital needs of the lu'ofessiou I shall 
discuss it again. 

Advancement of science can only be achieved througli men with a 
scientific bent of mind. It is the resi)onsibility of the medical colleges 
to produce such men through inclusion of research }>rograi)imcs in 
education. The function of education is not only to im]>art available 
knowdedge to the students but also to point out to them the gaps in 
our knowledge and the method of filling up these. Tlirough training 
in re.search alone can we hoi>e to shari>en the a})i>reciatioii of the scientific 
methods, and to enhance the ability to apply scientific facts logically to 
the problems that are waiting to be solved. The power to discriminate 
and to judge and the desire to add to existing knowledge are l>est deve- 
loped only through stimulation of the research si)irit. It is for these 
reasons that true university education includes research in its scope. 

In India, most medical colleges have only limited resources for pro- 
secuting research. In quantity and quality their research activities need 
to be much augmented. Even where the staff are engaged in research 
it is not usual for the students to participate in the work. It is time 
that our colleges realised the importance of research in their educational 
programmes and made it compulsory for the staff to undertake the solu- 
tion of problems of national importance and encouraged the students to 
tackle at least a few minor ones during their collegiate career. The 
promotion of research being one of the recogni.sed functions of every 
university, the Indian universities .should offer munificent grants to 
medical colleges for the purpose and guide tlieir research activities as they 
do at present in other branches of science. 

Library 

The library is a vital part of a medical college. It reflects in a way 
the scientific attitude of •the college and the standard of education it 
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imparts. A well selected collection of books, monographs and periodicals 
covering as completely as possible the entire field of medicine is a neces- 
sity both for the student and the staff. Since the recognition of ibe 
inter-relationship between medicine and the other sciences such as 
chemistry, physics, biology, psychology, anthropology, economics, agri- 
culture, sociology, etc., the i^'ogressive institutions keep a certain number 
<jf references in these sciences as well. The modern tendency is to spend 
a good portion of the money available on current journals and mono- 
graphs ratlier than on text books w'hich rapidly go out of date and which 
chiefly review that which has already appeared in periodicals. It is also 
being felt that the ratio of foreign language journals to the total number 
of periodicals gives some indication of the breadth of scientific interest 
of the teaching staff. Ip U, S. A. in some colleges the library enjoys 
the status of a major department and medical librarians are employed 
to teach the students the use of the library and the method of obtaining 
knowledge of medical bibliography. These colleges feel that without an 
understanding of this the student cannot hope to carry on tliat indepen- 
dent study of medical literature which is essential not only to satisfactory 
undergraduate education but also to his continued education and expe- 
rience after graduation. It is only by encouraging the study of current 
literature pertaining to the subject that the student can understand the 
present status of the subject and the future possibilities in connection 
with it. • 

In a recent survey of 66 medical schools in U. S. A. it was found 
that the average num])er of volumes was 20,000, the average number of 
periodicals was 272, and the average number of foreign language periodicals 
was over 10. In the ten highest ranking medical school libraries, the 
budget provided was over $7,230 per annum. On an average a student 
visited the library 65 7 times and used 25 5 volumes in one 3^ear. 

Compared to the better class American schools, the library facilities 
provided by the Indian medical colleges leave much to be desired. For 
example, the number of volumes possessed by one of the. best Indian, 
medical colleges is onl}’ 16,000. The number of periodicals subscribed 
for is only 25. Foreign language periodicals are conspicuous by their 
absence. The budget allotment is only Rs. 1,500/- per annum. The 
practice of referring to current journals by students is not very popular. 
Libraries are mostly used by students who have no text books or by those 
who wish to consult books other than those they possess. All these can 
and will change only when students and staff are encouraged to under- 
take research and when the library gets a better budget allotment. 

It is generally accepted that the practice of conducting joiumals by 
the students of medicaL colleges helps them to make use of the library 
properly. Indian medical colleges would do well to remember this and 
encourage jounial publication by students more seriously than at present. 
If most of the existing college journals appear but sporadically and un- 
enthusiastically it is because there is no organisation behind them. It is 
the duty of the staff to stimulate and guide the students in this regard. 
Few probably realise that if a journal is properly run it can be made 
always financially self-supporting. A limited number. of regular sub- 
scribers and advertisers are all that is necessary to keep it go^g. To 
enlist these should not be a difficult task for any medical college situa^ 
in the larger cities of India, 

Here mention may be made about the need for text books containing 
Indian data and reference to Indian problems. , At present the foreigifi 
text books available in the country while being highly valuable in cortain 



, 10& Proeeeiinii sisi IS.C. : Part II : Presideniyd Addresses. (7) 

respects lack information on local problems that the Indian medical 
student will be particularly interested in. If the professors of our medical 
colleges would only take the trouble to write suitable text books and 
incorporate in them all available Indian data and their own personal 
experience, a long-felt genuine demand will be soon satisfied. 

CuNiCAi. Facilities 

It is recognised all over the world that no medical college can 
function satisfactorily unless it has a sufficient amount and the proper 
kind of clinical material for teaching pur^ses. Attempts have therefore 
been made to fix adequate standards for this. The standard generally 
■ used is the number of beds available in the attached hospitals per student 
in, the clinical years. Emphasis is also laid on the importance of a proper 
selection of cases to these beds and the admission to them of a wide 
variety of pathological conditions necessary for training. Usually the 
more common diseases in different stages of development are chosen for 
the benefit of students and the rarer conditions admitted with such 
frequency as would enable the students to recognise them when en- 
countered later in practice. In a recent survey of 66 American medical 
schools it was found that the number of beds per student varied from 
2*8 to 37‘9 with an average of 14*2 beds per student. Admissions to 
these beds varied on an average from lo to 20 cases per year and the 
average number of new patients actually in charge of a student in one 
year worked out to 152. 

In India stress is no doubt laid on the importance of x)roviding 
adequate clinical facilities for teaching purposes, but the level reached 
by the best Indian medical college is the same as the level obtained by 
the lower ranking medical colleges in U. S. A. In most of our medical 
colleges the ratio works out only to 2 or 3 beds per student and the 
number of cases in charge of a student in one clinical year works out to 
.about 30. As for the conditions in the medical schools they are absolutely 
unsatisfactory in the majority of instances. In a country like India 
where laboratory and other aids to diagnosis are not too readily available 
except in the larger towns and cities and where these facilities are not 
within the means of the bulk of the patients, it is the clear duty of our 
medical colleges to give their students a sounder and more thorough 
training in clinical diagnosis. This they can do only when the number 
of beds in the attached hospitals is increased, when the type of cases 
admitted is primarily based on student recjuirements and when the 
training is so planned that it will be compulsory for the students and 
the staff to spend more time at the bed side than in the lecture room or 
the laboratory as at pre.sent. 

Here it will not be irrelevant for me to draw your attention to one 
of the criticisuLs that is being levelled at our recent graduates by the 
senior members of the profession, namely, that the graduates nowadays 
are too much dependent on laboratory. X-ray and other findings and 
too little on the results of their own clinical ob.servations. From personal 
knowledge of several of our recent products I feel that this is a very true 
and jusf criticism which our medical colleges would do well to note. 
Although in our educational programtne should and do rightly stress 
the importance of the scientific method of approach to medicine it does not 
mean that we would be justified in peglecting or in even laying less 
emphasis on the clinical methods of examination. All must admit that 
the art of medicine is as * important as the science of medicine. India 
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cannot afford to ignore this for a long time to come. One of the causes 
of unpopularity of western medicine among the Indian masses is that it 
is too expensive ; apart from the cost of medicines, there is not only 
the doctors’ fees to pay but also the fees to the bacteriologist, the bio- 
chemist and the radiologist. I do not say for a moment that we should 
in our practice of medicine altogether omit resorting to laboratory aids, 
on, the ground that they are costly. I certainly admit that they are 
essential and must be sought for confirmation of diagnosis and for 
guidance in treatment wherever indicated. But I do say at the same 
time that it is our duty to consider our patients’ purse and to suggest 
these aids only when they are absolutely essential. The suggestion should 
be made after thorough clinical examination and when this has failed to 
help in arriving at a definite diagnosis or when there is a reasonable 
chance of the laboratory investigation proving helpful in providing the 
confirmation sought or in chalking out a special line of treatment that is 
contemplated. At least until India can provide free laboratory service 
to all as some the more advanced States in the west have done, we 
should teach our doctors to use their clinical sense more and to resort 
to laboratory aid only when and where necessary. This is a point that 
we must particularly bear in mind when we are training our rural practi- 
tioners who cannot hope to obtain too readily any elaborate laboratory 
facilities. For these reasons no over-emphasis is possible on the need 
for proper clinical training and for provision of adequate clinical ^cilities 
for giving that training. 


The Staff 

The staff of a medical college may be considered under two heads— 
administrative and instructional. The former is represented chiefly by 
the dean or principal and the latter by the professors, assistant professors, 
demonstrators and others. The experience of progressive institutions in 
western countries has shown that the standard of efficiency of a college 
and its product, depends ultimately on the quality of the staff. Their 
enthusiasm, energy and foresight, the type of contacts they make with 
the students, the reactions that these contacts set up in the students, the 
ideals the staff aim at themselves and those that they place before the 
students, determine largely the future of the college and of the men 
committed to their charge. Such being the case the selection of these 
is an onerous responsibility. 

A recent report on medical education in U. S. A. defines the func- 
tions of a dean as Tormulotion of educational policies, suggestion of 
educational practice, supervision of curricula and courses and of methods 
9f instruction, selection of students and teachers, development of metho- 
dology for gaining approved objectives* and so on. It further says that 
the dean must 'effect, sustain and develop executive relations betw^een 
the university and the school, administrative reciprocity betw^een various 
departmental heads and himself, .scientific leadership for the Entire school 
staff and community leadership in countless problems involving edheatioh, 
community health and group welfare*. From these it necessarily follows 
that if a dean is to discharge these multifarious functions satisfactorily 
he must be (i) a specialist in medical education which is a well differen- 
tiated field* today and be well acquainted with current medical educa- 
tional problems; (2) he should be 4 scientist of a higj^ order though it 
is quite immaterial whether he is a surgeon or a ph5!^ician, an obstrdtri- 
cian or ati ophthalmologist, a bacteriologist or a. biochemist ; and (3) he 
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must be a medical administrator and a leader possessing enough diplo- 
macy, strategy and skill to contact other non-medical leaders, to enlist 
their support and to carry through his schemes for gaming avowed medical 
objectives. 

In India many Indians have in the past occupied and are at present 
occupying the position of dean in our medical colleges. It would be no 
exaggeration to say that most of them have occupied the chair with, as 
much dignity and fitness as auy of the non-Indian deans. A few of them 
have even effected improvements of which they may well be proud. If 
they have been successful, it was either because they adopted diplomatic 
and strategic methods or because they wielded personal influence with 
their administrative heads. If others have not been quite so successful, 
it was not because they lacked quality, but possibly because, the limited 
responsibility, the restricted freedom of action, the chilling of the 
enthusiasm from repeated frustrations of sincere attempts at reform all 
induced in them a negative reaction and made them follow the line of 
least resistance. It is common knowledge that in India due to the 
peculiarities of the organisation, to effect a much-needed change is real 
uphill work. ,Only those who have tried know the difficulties best. India 
has no dearth of competent men to occupy the position of dean in our 
medical colleges. Mehtas and Mudaliars are not impossible to find. Even 
if the men are not available ready made, men of promise with the right 
outlook are available, they ban be chosen and sent abroad to specialise 
in medical education ; they can be given greater powers and freedom 
of action at least in educational matters ; their suggestions and schemes 
can be considered more liberally and sympathetically and given fuller 
financial support both by government and the universities concenied. 
Unfortunately in India our universities have very little to say in matters 
pertaining to staff, policy and programme of our medical colleges. As 
it is the recognised function of universities to insist upon the highest 
ideals and standards being placed before the students and the right 
objectives being aimed at by the staff, our universities must not hesitate 
to come forward and share with the government the responsibility for 
providing medical education and for developing it on true university lines. 

As regards the instructional staff, the American report to which refer- 
ence was made previou.sly, states that 'men with doctorate degree, 
teaching and research experience, training in foreign universities, origi- 
nality, initiative, integrity and right outlook’ should alone! be selected. 
Realising that teaching is an art and comes naturally to some it lays 
special emphasis on the possession of teaching capacity. Certain insti- 
tutions are even reported to go to the extent of finding out from among 
their students those with gifts for teaching and research* maintaining a 
list of them and offering them teaching jobs when they fall vacant. 
Security of tenure, decent starting salary and good future prospects are 
considered guarantees that will elicit the undivided attention of the 
instructional staff and at the same time ensure for the institute a steady 
progress in pursuit of its objectives. As the instructional staff are 
the ones that come into closest contact with the students and as they 
influence their future in more w^ays than one proper selection of these 
is considered to be of paramount importance and is insisted upon. 

In so far as the instructional staff of medical colleges in India are 
concerned I have nothing much to say except that we should, as far as 
possible, follow the principles enunciated above. At this stage I like 
however to discuss two reforms relating to the instructional staff of Indian 
medical colleges which need to be immediately introduced in the interest 
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of medical education. The first is to debar the entire ( teaching staff from 
engaging in private practice in order that they may be able to give their 
undivided attention to teaching, research and hospital patients, if any in 
their charge. Past experience has clearly shown that the hankering after 
private practice by the teaching staff has been mainly responsible for the 
low educational standards attait^d in some of our institutions. The large 
volume of practice that the staff often secure by virtue of their position, 
mates it difficult for them to give their full attention to their legitimate 
official duties. Not only is the wrong attitude to medicine developed in 
the staff but also in the trainees w^ho see the financial benefits that result 
from following wrong ideals. Another serious damage that has been 
done through allowing private practice to paid doctors in government 
employ in general and to the paid teaching staff of medical colleges in 
particular, is that it has keiSt down the standard of the independent 
medical profession through unfair competition. I say this because in 
India generally the better qualified men until lately got into government 
service. By virtue of the post they are in they readily obtain certain 
free facilities that the independent practitioner cannot get except at pro- 
hibitive cost to his patients. The practitioner is thus handicapped 
doubly and is unable to comi^ete with the serviceman who is in an 
advantageous position. This leaves the practitioner often with no incen- 
tive to improve himself as he is not sure whether the money and time 
spent on improvement will bring in an adequate return. Therefore in 
the interest of education, in the interest of research and in the interest 
of the profession, no private practice should be allow^ed to those attached 
to teaching institutions. 

To effect this reform without much discontent may be a difficult 
task. Those that have enjoyed this j)rivilege for long will surely cry 
hoarse. But in the larger interests of the country we must put through 
this reform unhesitatingly and make the vested interests forego this 
objectionable and unjustifiable privilege. When that is done, it may be 
necessary to revise the scales of pay of our collegiate staff and put them 
on a more satisfactory basis. This would be well wortli doing. The 
principle of disallowing private practice to the superior teiiching staff of 
postgraduate institutes has already been accepted by government and 
given effect to. It can easily be extended to include the entire teaclling 
staff of the.se institutes as well as those of the medical colleges. 

The se^^Ond reform that is needed is to constitute a separate cadre 
for the teaching staff of medical colleges. At present the college staff 
form part of the provincial medical cadre and as such are liable to be 
transferred to non-teaching posts. The.se changes apart from depriving 
the colleges of competent teachers may bring in men wffio have tio 
aptitude for teaching and wffio cannot appreciatively co-operate in the 
educational programme of the college. The creation of a separate cadre 
will overcome this difficulty and help the colleges to achieve their 
objectives more rapidly. In this teaching cadre it should be possible 
through a w^ell planned system of selection and training, for the lowest 
member to aspire for the highest post’ in course of time. If attvjunior 
appointments are made on the basis of competency alone, if opportunities 
are provided for specialisation abroad and if facilities are given for further 
development on their return, I have no doubt the cause of medical 
education in India would be better served. Teaching jobs, are key jobs 
and they must be held by none but the best. 

Now the question arises as to what should be our, policy with regard 
to the rppointmeat of honorary mm in teadhing institutions. My answer. 
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that as far as possible honorary men should not be appointed to teaching 
posts. This I feel is the right policy to adopt, though exception may be 
made in certain special cases where men in the top rank of the pro? 
fession apply to clinical posts and give an assurance that they will devote 
tlie full time expected of them to the hospital patients, to the students 
and to research. 1 really believe that the proper place for employing 
honorary men is in all non-teaching hospitals in cities, towns and urban 
areas and wherever there is a reasonable chance of their obtaining a 
decent living through private practice and of their giving ungrudgingly 
of their time and service for a noble cause. I even believe that honorary 
men should replace the paid government doctors in suitable places ac- 
cording to a properly prepared plan but of course I would also take 
steps to prevent the converting of the government hospitals for the poor 
into private nursing homes for well-to-do patients through a system of 
proper government supervision and control. Adoiition of such a policy 
would incidentally release lot of money which could be more prohtably 
and equitably used by government in the rural areas. Lest I be mis- 
understood and considered unsympathetic to the cause of honorary 
doctors who have in many of our provinces contributed richly to the 
furtherance of medical education in the past, I might add that because 
we wish to raise our colleges to true university standards and because 
we require our teaching staff to utilise all their si>are time for research 
and postgraduate training I feel it unfair to expect the honorary men to 
conform to these requirements and give us their best for no return except 
the satisfaction of whole time work. It is on, account of this that I 
believe in the utilisation of honorary staff in places other than those 
connected with teaching institutions. 

Students 

Medical students represent the future medical men of the country. 
They may become administrators, teachers, research workers, si)ecialists 
in one or other ^branch of medicine or general practitioners. To bear in 
mind the special requirements for these types and to select candidates 
suitable for each is indeed a difficult task. Nevertheless two <iuestions 
that generally weigh in the selection of a candidate are ; (a) has he had a 
suitable premedical education ? and (b) is he a fit person to be entrusted 
with the medical care of the people ? As regards the first, the minimum 
standard of premedical education required for admission has been fixed 
at the I. Sc. but the groui)s in I. Sc. that make one eligible for admission 
vary somewhat in the different medical colleges in India. If all our 
universities would create a special premedical group in I. Sc. in which 
chemistry, x>hysics, biology and mathematics are taught according to a 
syllabus drawn up in collaboration with the medical authorities our 
purpo.se would be best served. All that would then be necessary is to see 
the marks obtained in the various subjects including English and to 
choose the candidate after interview according to merit. There would 
then be no further necessity to teayh these subjects in any medical college 
except in their applied form in relation to any particular subject that is 
being taught. As regards the second question, it would l>e wwthwhile 
for the selection committees to take a icw hints from the Hippocratic 
oath which every doctor is made to take on graduation without even 
understanding what it really means. The oath implies that in addition 
to professional skill, the doctor should possess a high sense of responsi- 
bility, good moral character, integrity, understanding of human nature, 
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and profound sympathy with human suffering. ^ If some of these 
qualities are known to be possessed by the prospective candidate, pre- 
ference should of course be given to him. During the past ten years, 
I have, out of curiosity, enquired of a few hundreds of my graduate 
students as to the reasons that led to their taking to the medical pro- 
fession. I have classified the answers I got into 6 categories — parents- 
choice 25 %, ; tried for admission elsewhere but secured admission only 
in medical college 15% ; relations were successful doctors 10% ; their 
class mates joined medical college 15% ; medicine was the most paying 
profession 30% ; medicine was a noble profession 5%. The above results 
suggest in a way that the majority of our students do not study medicine 
with the right attitude. 

In connection with the, admission of students into our medical 
colleges, two questions have always been asked ; namely, (i) are we 
admitting all the students we can train? and (2) are we admitting thp 
right type that the country needs? A study of the number of applicants 
and the number of admissions into our medical colleges shows that 
usually out of every two to five that apply only one gets admitted. This 
proves that there is no dearth of youngmen desirous of taking up the 
medical course. If we are then really anxious to produce more doctors 
to meet the enormous demand we have two alternatives (i) to increase 
the number of colleges, or (2) to increase the number of trainees per 
college without of course lowering the standard of the education inlparted. 
From our knowledge of the economic and other conditions in the country 
we may presume that it will be a long time before we can hope to be 
in a position to increase the number of colleges. We should be content 
if, when the conversion of medical schools into colleges is completed 
within the next ten years as at present contemplated, we are left with 
about 25 medical colleges in all producing api^roximately the same 
number of medical men per year as at i)resent. This scheme in itself 
would cost the government about 3 crores of rupees in capital expen- 
diture and about Rs. 25 lakhs in recurring expenditure over their present 
annual allotment for the 27 vSchools. Such being the case we need 
consider here only the second alternative, namely, the possibility of train- 
ing more students per college without lowering the educational standard. 
This in my opinion is practicable and one which we should consider 
seriously. Russia has recently showm that more than one batch of 
students can be trained at one time in one college without much difficulty 
or extra cost and without low'ering the quality of the doctors produced, 
A few years ago Russia had before her the same type of problems as w^e 
have — shortage of doctors, shortage of colleges, shortage of material equip- 
ment and money. In 1914 she had only 25,000 doctors in all ; they were 
jnostly licentiates and partly graduates, the proportion having been 3 : i 
and her educational facilities merely satisfied minimum standards in 
material, equipment and hospital beds. The last great w^ar depleted even 
these poor resources. But through proper planning which began in 1925 
Russia in 1940 came to possess 120,090 doctors of whom one-third were 
licentiates and tw^o-thirds graduates. This improvement was effected 
chiefly through the introduction of the system of training in batches. 
By this method every college produced 2 to 4 times the usual number 
of doctors and maintained at the same time the original standard. The 
shortage of equipments, beds etc., was made good through a system of 
sharing, by 2 to 4 students of one article and using it at different times 
of the day or on different days as was convenient to arra^e. 
I^ningrad medical school which is the biggest of the kind is 
15 
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train 4 batches at one time through a system of shifts as in a factory. 
If the Leningrad system could be introduced in our medical colleges in 
a modified fonn to suit Indian conditions, I have no doubt that it 
would solve our difficulty of shortage of doctors at least until wa are in 
a position to increase the number of our medical colleges. I suggest 
that when the new medical colleges are being created through conversion 
of existing medical schools this scheme should be seriously tried Once 
private practice is disallowed to the collegiate staff they will have ample 
time to undertake the additional responsibility of training extra batches. 
At present the staff of a department usually devote for teaching about 
200 to 250 hours in a year of 1,500 Hours. Even supix>sing an equal 
number of hours is required for discharging other responsibilities, they 
can easily train two batches of students every year without great strain. 
All that will be required is to draw’ suitable time tables for the tw^o 
batches. The extra financial commitment for a scheme like this wall 
be negligible and I am confident that we can profitably introduce this 
system and produce doiible the number of doctors every year.^ 

Regarding the question as to whether wc arc admitting the right 
type of students to meet the country’s needs, I may state at the outset 
that the country’s needs may be taken as three — urban need, rural need 
and the need for women doctors. The urban need may be said to be 
quite adequately satisfied by the type we are admitting and training. 
The only defect in the present organisation is that after graduation the 
practitioner does not obtain enough facilities for keeping himself up- 
todate through postgraduate training. This deficiency could be easily 
remedied by reorganisation of some, if not all, of our medical colleges 
so that they wall be in a better position to arrange for postgraduate 
training. This can easih’ be done by remodelling one medical college 
in each province into a ‘University Medical College’. I shall define 
later what I mean by a ‘University Medical College’ and what sort of 
a scheme may be readily put through without upsetting the existing 
organisation too much. 

As regards the rural needs it must be admitted that they are not 
being satisfied at all at jiresent. Although many attempts have been 
made to provide in the past medical aid to rural areas with the helji of 
the men W'e have been producing in our colleges, no great success can 
be said to have been achieved so far. While some hold that the failure 
is due to the poor quality of the men we chose, others opine that the 
blame rests with the system of emiiloyment we adoj>ted. I believe that 
both are at fault and particularly the men. Unless we recognise that 
the mral need is a different and distinct one from the urban need and 
unless we choose the riglit type of men for serving in rural areas and 
give them the appropriate training that will hcU> them to tackle the, 
problems readily and employ them under a scheme that will satisfy their 
legitimate aspirations, we cannot hope to solve the rural question. I 
have already defined what sort of men would serve best in rural areas — 
men with true missionary zeal, with sympathy and understanding, love 
of •service, men efficient, upright and impartial. Such men won’t be 
difficult to find if we look for them in the right quarters in the right 
way. I now add that these specially chosen men should be given a 
suitable training— a training based on a sound knowledge of riiral con- 
ditions, rural problems and rural psychology. As our rural areas cannot 
afford to maintain a dual .service separately for medicine and public 
health the should be ivell trained in both. They should in addition 
also get enough insight into other mral problems to enable them to act 
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as true friends, philosophers and guides to the villagers. I say ‘ this 
because in our villages no improvement of any sort can be effected 
without the willing co-operation and whole-hearted supix)rt of the 
villagers themselves. The average villager through long continued 
suffering, fruitless attempts and frustrated hopes is naturally distrustful 
of all new schemes even if they are genuinely intended for his good, and 
he puts up invariably a negative attitude of resistance. This has to be 
avoided right in the beginning through winning over his heart by the 
men who would work in the village. To win his heart, the villager must be 
convinced that the men who are sent to serve him are not exploiters, and 
have not come to harass him but are real friends who are ready to help and 
advise him in all his difficulties, medical and non-medical. The villager 
must also be convinced that the men are not aloof or stuck-up, that they do 
not make too expensive dem^ds upon his purse, that their knowledge of 
village problems and conditions are sound and that they are capable of 
api)lying their scientific knowledge in practicable ways to improve his 
lot. If this view is accepted, then it would mean that our rural medical 
officers must be not merely good medical men, but also good sociologists. 
Here I may add that Russia sends to the remotest villages the best men 
and not the worst as we do in India. I am giving later a scheme for the 
training of these rural medical officers. 

The third need I stated is for women doctors. It is superfluous to 
emphasise its importance. In India women doctors are particularly 
retiuired in large numbers to meet the peculiar situation in the country. 
Although it is true that we have a medical college exclusively for women 
and that in addition we admit into all our medical colleges a few women 
students every year, yet the total number of women doctors in the country 
at present is quite small and utterly inadequate. Taking Russia, for 
exami)le, we find that she has the largest proportion of women doctors 
(almost 50%) and that these have contributed in no mean measure to 
the building up of the new Russia which the world today holds in such 
great admiration and respect. India with her medical problems so 
closely intermingled with her social problems has a greater need for 
women doctors than even Russia has had and it would be no exaggera- 
tion to say that India can hope to solve her problems fully and success- 
fully only through a larger number of women doctors. These have a 
special r61e to play in helping India attain her goal, and realising this 
Indian women should copy the example of their Russian sisters and enter 
the ranks of the medical profession in larger numbers and serve the 
country as patriotically as their Russian sisters have done. Our medical 
colleges in their turn should throw open their doors freely to women 
applicants "and offer scholarships in suflScient numbers to attract the right 
type. And lastly the government must have a wider scheme for 
•employing women doctors and for giving them ampler opportunities to 
serve the country in the right way. " 

Training 

Medical training logically divides itself into two parts— under- 
graduate- and postgraduate, and these in turn are further divisible as 
shown in the table on next page. , 

In connection with undergraduate training four questions geh^rfly 
arise, namely, (i) what should be the total period of training ? 
should be the principles of training in the preclinical subjects? (3) 
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shotild be the principles of training in the clinical subjects? and (4) what 
should be the nature and extent of internship? 
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Within the last 25 years there has been a steady tendency to increa.se 
the period of undergraduate medical training inclusive of internship. 
From four years it has now become six years and a few colleges in 
U. S. A. even recommends a 3-year intern period. This increase has 
been necessary for the inclusion of new subjects which have been deve- 
loped as a result of recent advances in the various branches of medical 
science and for enabling the student to obtain a more thorough clinical 
training. While fully recognising the necessity for this longer period 
of training, educationists feel that an upper limit should be fixed once 
and for all. 6 years is now considered by most as the optimum limit 
and of these 5 years are recommended to be spent in actual training 
leading up to the final examination and i year to be spent after the 
examination as an intern or house surgeon. India would do well to 
adopt this recommendation uniformly in all her medical colleges. 

During the period of preclinical training a number of subjects are 
taught which provide for the student the requisite background for the clini- 
cal training to be given later on. Unless these subjects are propgrly taught 
the student does not benefit fully from the clinical training. Within the 
last two decades many new subjects have been included ; and the present 
tendency is not to disallow such additions but to see that only the funda- 
mentals are taught in them so that it will be possible to keep within the 
time alloted for the entire preclinical course. Here special mention may 
be made of four subjects that are being considered desirable nowadays, 
namely. Genetics, Nutrition and Dietetics, Statistics, and Sociology. The 
last is of special significance to countries like India w^here the health 
problem is closely connected with the socio-economic problem and where 
the solution of one is not possible without a simultaneous attempt at 
solving the other. As the aim of undergraduate education in general is 
to build a sound foundation in subjects such as anatomy, physiology, 
pathology, bacteriology and pharmacology, teaching in great detail Is 
avoided ; only essentials^ are taught leaving details to be filled up later 
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as and when required. Also more time is set apart for teaching those 
aspects of the subjects as are likely to be of most value to the general 
practitioner. With this in view a wise discrimination is exercised xvl 
alloting the time to be devoted for a subject as also for the different aspects 
of the subject. For example, in bacteriology more time is spent in teaching 
the applied aspects than the systematic aspect. Media making, biochemi- 
cal reactions, serological tests like the Wassermann reaction are only 
demonstrated. The students are trained to conduct simi^le examinations 
for helping them to diagnose their cases and are taught to interpret the 
results of the more elaborate tests. In view of the importance of bacte- 
riology to both curative and preventive medicine the subject is taught 
from both these aspects. Not only is it presented from the point of view 
of pathology, clinical medicine and therapeutics but also from the view- 
point of aetiology, epidemiology and prevention. In planning the actual 
courses special emphasis is attached to practical work on the principle 
that “what we do ourselves we learn best and what we hear or see we do 
not learn so w^elF*. The optimum ratio of theoretical to practical training 
has been worked out and it is agreed that for every hour spent on theoreti- 
cal lecture, at least 2 to 3 hours should be allotted to practical instruc- 
tions. As the majority of the preclinical subjects require adequate labora- 
tory facilities to enable one to give a suitable practical training, the re- 
quisite equipment and material arc provided in proportion to the number 
of trainees. 

Regarding the position of undergraduate medical training* in pre- 
clinical subjects in India it is not pos.sible for me within the time at my 
disposal to discuss the present status in each subject. I am therefore con- 
fining my remarks to one only, namely, Microbiology,' as I am specially 
interested in it. Recently I had an opportunity to visit several of our 
medical colleges and to gather first hand information on the present posi- 
tion of microbiology in them. I found that there was no uniformity as 
regards period of training, syllabus, emphasis on preventive aspects and 
so on. As against an average of 176 hours spent by American medical 
colleges, India devotes only about 85 hours. The syllabus in microbiology 
is included partly under pathology and partly under hygiene and receives 
the treatment usually meted out to a minor undifferentiated subject. To 
quote one eminent authority, “Not only have the greatest advances in 
scientific medicine during the past fifty years been in the realm of micro- 
biology, but it has also happened that the new^ developments in this field 
have been the most readily applied in clinical and preventive medicine*’. 
In undergraduate curriculum therefore microbiology is riglltly included 
in the more important courses and given an independent status in 
all progressive colleges in the West. In India where tw^o- thirds of the 
total annual deaths are caused by microbial agents and wdiere there is a 
. greater necessity than elsewhere for stressing not only the clinical but 
also the preventive asi)ect of microbihlogy it is surprising that even now 
no special emphasis is laid on the latter in most of our colleges during 
undergraduate training. This I presume is chiefly because micrpbiology 
is still tagged on to pathology and receives a predominantly clinical and 
not public health bias. To correct these defects w^e should create separate 
departments for microbiology in every medical college, revise the curri- 
culum, bring it abreast of jhodem trends, and appoint competent staff 
with the correct outlook. It would also be desirable to create an associa- 
tion of Indian medical colleges. 

The teaching of the clinical subjects ’Is the major responsibility of 
undergraduate training. As the final aim of this training is to qualify the 
Student to be an eflScient general practitioner it. is made as comprehensive 
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as possible within the time allotted to it. Apart from the usual fields 
that the student is made to cover, such as general medicine, surgery, 
obsteirics^ dphthalmology and so on, a number of new subjects have been 
added such as pediatrics, psychological medicine, social medicine, history 
of medicine and medical ethics. During the period of training an attempt 
is made to give the student a thorough grounding in the general principles 
of the science and art of medicine and to teach him something in every 
one of the subjects that is likely to be of value to a general practitioner. 
Detailed training is given only in a few, as for example, in the diagnosis, 
treatment and prevention of the commoner diseases which are met with 
in general practice and enough is taught about the rarer diseases so as 
to enable him to suspect these in his patient and to refer the case to the 
proper specialist. The training given is not meant to produce a fully 
finished expert but a product with enough foundation for improvement 
at a later date through postgraduate training. The knowledge imparted 
is- more practical than theoretical. 

Apart from all these, the student is trained to develop the right attitude 
tow^ards his patients and their contacts. He is taught to realise that 
the mental condition of his j>atients is as important as their physical 
condition. He is taught when to treat his patients with sympathy and 
kindness and when to be strict and enforce discipline. He is taught not 
to consider the patient as a mere store of a pathological condition but as 
an individual expressing a reaction to his environment in which social 
and economic conditions play an important part. He is taught to culti- 
vate an interest in the personal difficulties and economic environment of 
his patients and to suggest that type of treatment which offers the best 
prospect of success. He is taught not to prescribe costly proprietary pre- 
parations for a man, who is struggling to exist and to bring up a family 
on the basic wage, when a cheaper pharmacological drug would serve 
the purpose equally well. He is taught that giving a prescription for an 
expensive medicine and instructions for a diet which is impossible of ful- 
filment are tantamount to professional neglect. He is taught that his 
responsibility does not end with the case but that he must also think 
of the contacts and learn to protect them through immunisation or in 
other ways. The value of preventive medicine is stressed through a proper 
training in its technic as apf)licable both to individuals as well as com- 
munities and through impressing upon him his obligations in this 
respect. And lastly he is taught that his function is not merely to cure 
and prevent disease, but also to help in maintaining positive health in the 
people. I am sure that India can profitably follow all these directions if 
she is not already doing so, particularly the last two. 

One striking feature of most medical colleges in India is that their 
hygiene departments are not fully developed. A few of them do not 
even have a wholetime professor of hygiene. None of them have any,, 
practice field under their control where they can take the students for 
demonstration and field work. Just as one can only learn medicine in thte 
hospital. wards, surgery in the operating theatre, anatomy in the di.ssecting 
room and bacteriology in the laboratory, so also hygiene and preventive 
medicine can only be learnt in a well organised practice field. It is time 
that our medical colleges realised this and properly expanded their hygiene 
departments so that the preventive aspect of medicine and positive aspect 
of health might receive the emphasis which is their due. 

It was not realised till recently that internship should be a basic 
l>art of undergraduate training and .should be compulsory. Now most 
colleges are rightly considering it vital and withholding the issue of the 
degree and the license to, practice till it is satisfactorily completed. The 
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object of internship is to give the final touches t 6 the training of the 
candidate so that he may be better fitted to understand and treat h^is 
patients when he starts practice* The scheme of training an- intern is 
planned according to whether the intern desires to become a general 
practitioner or a specialist in one or other branch of medicine. If the iiitem 
is a prospective general practitioner he is made to take his internship in 
any general hospital or under a reputed general practitioner recognised 
by the college ; and if he is a i)rospective specialist he is asked to work in 
the appropriate department in the college or under a specialist practitioner 
who has adequate facilities for training him. During the period of intern- 
ship, the candidate is not only allowed to be in charge of a certain number 
of beds or cases, but he is also given instructions through specially orga- 
nised conferences, seminars* and meetings at which, clinical, clinico- 
patliological, clinico-physiological, radiological, socio-economic and other 
problems, relating to the patient are correlated and discussed. Hospital 
as well as domiciliary methods of attacking medical problems are taught. 
The latter is considered to be of special importance to interns who are 
l>rospective general practitioners. It is generally agreed that the duration 
of internship should not be less than i year although, in U. S. A. a 
2 -year period is being recommended. As regards payment to or by the 
intern it may be equitable to charge the intern a fee equal to one year’s 
college fees and to provide for him free board and legging dupng his 
internship. 

All universities in India have not yet introduced the system 
of comj)ul^)r>^ internship. If and when they do, nearly 2,000 debtors 
(at the present rate of production) will be continuously available 
practically free of cost and their utilisation will be of mutual 
benefit to the employer and employed. Through properly planned 
schemes for internship economy can be effected and efficiency increased. 
I suggest that we permit two types of internships, one in clinical 
subjects like medicine, surgery, ophthalmology and obstetrics, and 
the other in preclinical subjects like bacteriology, pathology, physiology 
and pharmacolog>\ Although ordinarily internship nfeans w^orking 
in a hospital and developing greater contact and understanding of 
patients, their illnesses and their cures, it would be an advantage to 
enlarge its scope to include the second type. For those few graduates who 
intend becoming specialists in one of the preclinical subjects, it would be 
beneficial if they were allowed to work in the respective deparfcifients right 
from the time of their internship. While working in these departments 
they maj’' be m<^de res])onsible for collecting specimens for examinations, 
for attending clinical meetings and lectures organised f6r the benefit of all 
interns and for ’presen ting results of small investigations of clinical interest 
^hicli they undertake and .so on. Even those w'ho are doing internship 
in the clinical subjects .should in addition to their hospital duties be made 
to devote their spare time to the study of one special disease in particular. 
They should be made to collect all data pertaining to the disease from 
the hospital records and from published literature and to submit a thesis. 
A satisfactory internship should mean steady work for one year in the 
hospital or laboratory and presentation of an acceptable thesis. 

Postgraduate training is divisible into two parts— ordinary and 
advanced. The ordinary is again divisible into two types ; (i) l^ainmg of 
specialists in one or other differentiate field of medicine ; and (2) giving 
refresher courses to general practitioners and others tp keep them abreast 
of recent advances in their field. The provision erf for the ordi- 
nary" type is now teco^ised as a* ’responsibihiry of medical 
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colleges because the experience of progressive medical colleges has been 
that wherever postgraduate training has been organised the colleges have 
been able to provide a better standard of training to its undergraduates as 
welL 

The training of specialists is generally designed in one of two ways — 
a short one lasting usually for one year abd leading to a diploma, as in 
public health, obstetrics and gynaecology, ophthalmology, bacteriology, 
pathology, biochemistry, radiology and others ; and a long one lasting not 
less than two years and preferaMy three years and leading to a doctorate 
degree in one of the major clinical and public health subjects. While the 
diploma courses emphasise chiefly practical work in the ward, laboratory 
or field and limit the time spent on theoretical instruction, the doctorate 
courses stress both the theoretical and practical aspects equally and in 
addition insist on research work of some kind. 

The refresher courses are separately designed for general practitioners 
and specialists. These courses are usually of a short intensive type in 
wdiich theoretical instruction pertaining to the recent advances followed by 
demonstrations form the special feature and x)ractical instruction is given 
only w’here considered important. The duration of these courses generally 
is from 2 to 6 weeks. 

For the advanced type of postgraduate training separate post graduate 
institutes are generally established. In these, training in the special 
branches of the differentiated fields is given. Such training is intende<l 
to enable a person to become an expert in the branch and be capable of 
undertaking independent work and conducting research. For examine, 
malariology, tuberculosis, medical entomology, applied bacteriology, 
epidemiology, statistics and other subjects have assumed such vast proi>or* 
tions that facilities have to be provided for training in these separately. 
The special institutes that have sprung uj) for these liave generally three 
functions, namely, teaching, advice and research ; of these the second and 
third are considered major responsibilities. The staff is composed of men 
of superior calibre ; their teaching duties are limited and take up only a 
small portion of their time. Their main duties are to give advice on all 
important scientific matters x)ertaining to their sjxeciality if and when 
sought for and to undertake research on problems of national importance. 

In India the position with regard to [wstgraduatc training facilities 
may be summarised as follows : Practically all the universities offer M.D. 
and M.S. but the standard of these is not the .same as that of the better 
class British or American universities. This is so because our colleges do 
not provide training of a true university type as is done generally by the 
foreign colleges. Before one gets a doctorate it is reasonable to expect 
him to possess a thorough knowledge of his own subject and ah^ a 
breadth of knowledge on all sciences as they affect his .speciality. Our 
colleges do not ensure the latter always. Doctorates in other medical sub- 
jects are not yet organised. 

Dii)loina courses in xmblic health are being given in Madras, Bombay 
and Calcutta but only about 60 graduates take it every year. For a country 
like India faced with a public health problem of a stupendous magnitude 
requiring many thou.sands of qualified men, the above number is but a 
mere apology. Through reorganising and e(iuiping the hygiene depart- 
ments of medical colleges, which with a few exceptions are poorly deve- 
loped specially with regard to field training facilities, a much larger num- 
ber •of graduates can be trained in public health each year. If the medical 
colleges m Madras and Bombay can give the diploma, I do not see why 
the colleges m other provinces cannot follow suit. But the rml pxtibhm 
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then will be, ‘‘Who is to utilise the services of these men?^‘ India has 

started only recently to be public health-conscious. She has all along been 
pinning her faith on curative medicine. Her demand for men trained 
in public health has just started and it is being taken care' of by the small 
number of persons taking the diploma every year. But these will be 
inadequate when the demand grows as it should sooner or later. 

Organisations like the All-India Institute of Hygiene should really be 

functioning as advanced postgraduate institutes for training and research 
in the various differentiated fields of public health. It may for a time 
undertake, as a temporary expediency, to train public health personnel of 
the diploma standard as at present but it should soon grow out of it 
and provide facilities for advanced training only. Its major responsibility 
should be research on problems of national iini)ortance and giving expert 
advice on all matters pertauiing to public health. 

Di|)loma in tropical medicine is offered at the School of Tropical 
Medicine, Calcutta. This function really belongs to the departments .of 
medicine in our medical colleges ; India is a tropical country and tropical 
medicine should be the major concern of the departments of medicine. If 
these deijartments are properly enlarged and organised the School of Tropi- 
cal Medicine can be made, as it should be, to undertake advanced post- 
graduate training in the various differentiated fields of tropical medicine. 
As an interim measure, the giving of the diploma by the School of 
Tropical Medicine has been highly helpful but its real status should be 
that of an advanced postgraduate school. 

Diploma in obstetrics and gynaecology is being offered by the Giffard 
School in Madras. The number of candidates taking the diploma is as 
yet only few. The need for jiroperly trained graduates in this subject 
is really great, specially as maternal and infant mortality rates are alarm- 
ingly high in India. It would be highly desirable to make it compul- 
sory for every woman doctor to take the diploma course before setting 
up iiidependeiit practice or entering service in a women’s hospital. The 
creation of schools of obstetrics in every medical college is an urgent 
necessity. Pending that development, the Giffard School that has given 
the lead in the right direction ma}^ be more fully utilised to the best 
advantage by all provinces. 

Diploma course in ophthalmology, radiology, bacteriology, biochemistry 
and others, need badly to be organised. These could easily be arranged 
with the available facilities and without much extra cost. Only a revision 
of policy is required.- 

Refresher courses for the general practitioner are not yet available in 
India. As a consequence the knowledge of the average practitioner is 
rusty, his outlook restricted and his standard low. India can correct this 
readily by reorganising some of the larger hospitals in cities and towns 
not attached to medical colleges, staffing them with honorary men and 
making them give these refresher courses to practitioners. Two or more 
courses may be arranged each year and the fees charged may be given 
to the honorary men. It wdll act as an incentive to the better class men 
to offer their services to these hospitels in an honorary capacity and as 
teachers. ^ 

Rural Medical Officers 

So far I have been discussing medical training under the usual 
headings. I wish now to discuss specifically the training of the rural 
medical" officers for India. I have all along during this address stressed 

the need for a special type of rural medical officers and here I like to 

# 
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present a scheme for training these men. At the very outset I wish to 
point out that the scheme is a tentative one given purely with the object 
of stimulating thought and discussion. 

Every one is agreed that our villages and villagers are in a miserable 
plight and need to be urgently improved. Intellectually, financially, 
physically and physiologically the villager may be said to be absolutely 
“down and out“. Various schemes have been and are being tried for the 
amelioration of his condition and in these schemes medical and x>ubl4c 
^ health relief measures are also included. From the experience gained the 
consensus of opinion is that at the periphery India cannot afford ever to 
maintain a dual staff, one for medicine and one for public health although 
higher up this differentiation may advantageously persist. This means that 
for rural areas we need a large number of men witli the dual qualification 
in medicine and public health with a special knowledge of village i)ro- 
blems and their solution and with a genuine desire to work in rural areas. 
The question is how are we to find, train and employ these men. The 
scheme I have in view' may be briefly outlined as under. 

No scheme of rural medical relief will be successful unless it takes 
into account three^ aspects connected with it, namely, selection, training 
and employment of the right ty])e of rural medical officers. 

Selection of the men should be based on comi)etence. Men possessing 
the qualities already described as desirable should be chosen. Aleu of the 
district or i)rovince where they are likely to work should be preferred. 
Women If available should be welcomed. As the right type of men may 
come forward only if financial assistance is offered, the training should 
be free. The cost should be borne by Government as in the case of I.M.l), 
students. If as suggested previously, the batch system of training is 
introduced the actual cost to government will be ncgligi])le. Scholarsliips 
may have to be offered to cover the cost of l)()ard and lodging dtiring 
training. This may be borne by the pros})ectivc employer, District Boards 
or by i>hilanthropic persons interested in rural medical relief or by Govern- 
ment from funds earmarked for rural reconstruction. The trainees in 
return should agree to serve w herever posted in rural areas for a minimum 
period of lo years on a fixed scale of i>ay and free quarters. 

The initial training will be the same for 5 years as for M.B.'s but 
during the internship period a special combined clinical, public health and 
sociology course lasting i year will be given. The clinical training should 
include minor surgery, first aid in emergency, tropical medicine, nortnal 
obstetrics and common eye diseases. Easy methods of diagnosis, cheap 
and efficient methods of domiciliary treatment should be taught. This 
should not take more than 3 months. The public health training should 
include, (i) simple methods of improving rural water supply, housing, 
sanitation* and roads, (2) control of malaria, bowel disease?, small-f>ox, 
plague and Kala-azar if ])revalent, and hookworm, (3) methods of supple- 
menting and balancing diet, infant care and feeding, (4) rural administra- 
tion and laws, (5) methods of organising village self-help and co-operative 
health societies. This should take not more than 6 months. The 
sociology course should include, village society, village psychology, village 
economics and its relation to agriculture, poultry farming, cattle breeding, 
fish rearing, cottage industries, irrigation and others.’*' 


llie responsibility for giving the training should ordinarily rest with the 
^‘University Medical College*’ in collaboration .with the 
university medical colleges have not yet come i«tn 
existence in India the AU-India Institute of Hygiene may be asked to orgatiiae 
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After successful completion of the training, the men should be 
employed in rural areas in the scale Rs. loo — 5 — 150 with free quarters, f 
They will serve for a minimum i)eriod of 10 years. They will give free 
service to all in their jurisdiction which will not exceed 2,000 people. 
At the end of 10 years the option to leave service will be given. If they 
so desire, their work will be reviewed and if satisfactory their name will 
b^ registered for employment in regular government service. In addition, 
they will be given free postgraduate training in any subject that they 
choose to specialise in and for which facilities are available. The period 
of free training will not exceed. one year and the object of this training 
will be to enable them to set up independent practice. These two conces- 
sions will act as incentives in a way for good work during the ten-year 
term. Russia which has extensive rural areas like India has solved her 
difficulty in somewhat similar way and it is for India to try an experiment 
on the same lines but modified to suit her peculiar conditions. The govern- 
ment is already adopting a similar scheme for solving their military pro- 
blem (I.M.D.’s) ; it is only a question of extending it to solve the much 
harassed rural problem. 

* University Medicwe College* 

In the course of my address I have in several places used the term 
‘University Medical College*. I wish at this stage to say a fe^^ words 
as to what is meant by it. A study of the various medical educational 
institutions in existence in different countries of the world shows that 
they may broadly be classified into two types — ordinary type and university 
tyi)e. The first type is organised chiefly to produce the ordinary general 
practitioner through provision of facilities for undergraduate training of a 
vwational tyi)e; and the second is organised not only to produce the general 
practitioner with a scientific bias but also the specialist in various branches 
through provision of facilities for postgraduate training and research. 
The objectives aimed at and the functions of the various departments are 
also different. In order to enable one to picture these two types correctly 
I have represented diagrammatically the functions of the department of 
microbiology in the two types (vide Table on next i)age). 

The modern tendency is to have wherever possible medical college of 
the University type which in the words of Abraham Flexner ‘Vould 
address itself whole-heartedly and unreservedly to the advancement of 
knowledge, the study of problems from whatever source they come and 
the training of men all at the highest level of possible effort**. India 
needs a few of these. Almost all her colleges are of the ordinary type 
and a few are struggling towards the university type. These’ few can 
readily be remodelled into the university type and let us hope we will 
*be abie to do it in the near future. As I stated previously, the colleges in 
Madras, Bombay and Calcutta are advantageously placed and have already 
facilities developed to an extent that it would not cost much to reorganise 
them into the university type. The three together would require about 
Rs. 60 lakhs for capital expenditure and about Rs. 10 lakhs for additional 
recurring expenditure. This sum is nothing compared to the benefits that 
are likely to accrue from such reorganisation and expansion. 

course, draw up a suitable syllabus, obtain the help needed from the School of 
Tropical Medicine and the medical colleges, and train the men on an experimental 
basis for a few years. 

t The money for this will have to be provided by the villagers through •some 
form of special taxation. A recent survey has shown that on an average one mpee 
per capita is being spent by the villager on medicines. , 



ORDINARY MEDICAL COLLEGE 
Functions of a Department of MiCROBioi-OGy. 
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The scheme of reorganisation I have in view is somewhat as follows : — 

The control of the ‘University Medical College’ should rest with a 
board constituted for the purpose. It should be composed of two repre- 
sentatives each from government, university, legislature, postgraduate and 
research institutes and the medical college itself. 

The duties of the board should be administrative, financial and techni- 
cal* control. . Appointment of staff ; finance ; building ; equipment ; creation 
of new departments ; expansion of existing departments ; formulation of 
policy and programme ; organisation of new courses of study ; formulation 
of regulations and rules ; determination pf fees and scholarships ; accept- 
ance and utilisation of gifts ; bequests arid trusts, should all come under 
its purview. 

The university concerned. should help by (a) providing regular grants 
towards the cost of research and postgraduate educational programmes, 
(b) creating endowment fund by attracting public support, (c) enabling 
the college to utilise some of the facilities of the university for their edu- 
cational activities, (d) broadening the objectives and procedures of medical 
education and (c) encouraging the publication of books on medical subjects 
containing Indian data and information. 

The governtnent will continue to give financial aid as at present but 
will delegate some of its powers to the board of control. 

Finance 

To place medical education on a sound footing we require adequate 
finance. The two questions that arise in that connection are, what are the 
sources of income of medical institutions and how arc thigy supplemented ? 
The sources of income of medical institutes may be (i) fees from students 
(2) grants from govcnimcnt or university or both and (3) endowments 
from philanthrophic individuals. The amount of income derived by way 
of students* fees varies in different institutions but it rarely ever covers 
more than about 25 per cent of the maintenance expenditure ; often it is 
much less. Dependence on this source is therefore futile. The Govern- 
ment and the university generally provide recurring grants to most medical 
institutions. These grants cover wholly or in major part all nonnai ex- 
penditure. Wherever State aid has been insufficient, endowments from 
private sources have been freely received. A recent survey in U. S. A. 
indicates that education and research in medicine and public health re- 
ceiv^e from private endowments 12.3 million dollars annually. The latter 
in fact have been responsible for the rapid progress achieved by many 
institutions. The princely endowments of Rockefeller, Kellogg, Carnegie, 
Nuffield and others to educational institutions and the influence these 
grants have had on modernising them are known all over the world. 

• In India of the 37 medical colleges and schools, 27 are government 
owned and the others receive government aid in one form or another. 
Though the government spends a large sum of money on medical educa- 
tion, progress is slow because university grants and endowments by philan- 
thropic persons are not quite adequate.- This war has opened our eyes to 
one fact, namely, that India can raise huge sums of money for a good 
cause. As there can be no better cause than that of medicine and the 
alleviation of human suffering, it is for India* to raise the necessary funds 
for the purpose. If the medical colleges with the consent and support of 
government can make the proper approach to the right type of persons, 

I have no doubt that ample funds will be forthcoming. The Priiices, 
Maharajas, Rajas, industrial magnates, merchants, will all have to make 
benevolent contributions to this good cause. 
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Future 

So far, I have been discussing the various aspects of medical educa- 
tion and giving tentative suggestions for development or improvement in 
certain directions. Now, all that remains to be said is| something about 
the future. It is indeed very difficult for anyone to foresee what sort 
of a world will emerge out of the present turmoil, and what sort of a 
IX)litical, social and economic India will spring up. It is also difficult 
to foretell if and when any scheme for improvement and development, 
either in the form suggested or in some other modified form will be given 
effect to. Whatever may happen, one thing is certain and that is the 
future of medicine in this country will largely depend upon the attitude 
taken by the government, the medical profession and the public (i) on 
the indigenous and other systems of medicine (2) on the type of medical 
service and (3) on the basic premedical causes of ill-health, namely, 
poverty, ignorance and lethargy. 

If one goes into any rural area in. this country (this is also true of 
many urban areas) one finds four classes of practitioners —the witch doctor, 
the quack doctor, the ayurvedic or unani doctor and the allopath. As 
regards the first two, all are unanimously agreed that quackery wherever 
and in whatever form it exists must be relentlessly put down. Yet we 
have so far done nothing substantial to root it out nor even to make it 
difficult. It is being practised openly and it still remains a challenge to 
scientific medicine and a blot on human intelligence. We must make up 
our minds what to do about it. 

As regards the ayurvedic and unani systems the opinion is rather 
divided. There are .some who believe in retaining and encouraging them ; 
there are others who wish to adopt a neutral attitude, and yet others who 
feel that these systems have ceased to serve a useful purpose and should 
be scrapped. Tliese differences have led to the adoption in general of 
a neutral attitude to the indigenous system. Tliis I am convinced is very 
harmful not only to the cause of indigenous medicine but also to the 
cause of .scientific medicine. If we want the indigenous system to remain, 
we must encourage it as best we can, get the qualified men compulsorily 
registered so that quackery may not masiiuerade under its name and spoil 
its reputation as it is doing at present, and also make the services of these 
men readily available to the people wherever they are required. All this 
is possible, but if it is done, it will, in my opinion be a false and retro- 
gressive move, a move in the wrong direction. If really India wishes 
to keep i)ace with modern developments in science and come into line 
with all advanced countries, she must, how^ever unpalatable it may be to 
some people, be prepared to abolish this anticjuated, empirical system of 
medicine. Any sympathy or attachment to it will only retard scientific 
progress. The plga that the indigenous system is better suited to Indiail 
constitutions is a myth. The plea that it is cheaj) and within the means 
of poor people is no criterion of its value or usefulness. The plea that 
it is readily available even in remote areas is a dope to ea.se the conscience 
of. the sick for whom we are unable to provide the scientific medical aid 
that we ought to. Under these circumstances we must make up our minds 
as to what to do wdth these systems of medicine. 

The po.sition at present with regard to the allopathic system is that 
all people resort to it w^hen they can obtain it and if it is within their 
means. The majority of the people are thoroughly convinced of its greater 
value and usefulness and its wdder application in many fields. It has the 
advantages of possessing a preventive side, of having methods for deve- 
loping positive health anS of being built on rational and scientific basis. 
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How much we nied of it and what sort of support we wish to give it, we 
must make up our minds as well. 

The type of medical service that is best suited to the country has 
also to be decided. Each country has developed the type that, under 
the conditions prevailing in it, has given ideal service to its people. To 
introduce blindly any one of these types into a country like India hoping 
that it would succeed is tantamount to courting failure. We must study 
beforehand the situation in the country thoroughly with the help of an 
expert committee and find out the type of medical service that will really 
and truly take the benefits of modern scientific medicine within the reach 
of every individual in the country^ urban and rural. I believe even with 
the cxistitjg resources in men and money we can reorganise our medical 
services in a way such that they will be of greater help to a larger group 
of people than at present. As. I stated previously, through the utilisation 
of the services of honorary men in place of paid men in all 
urban areas and through the employment of paid staff in all rural areas 
where they are l)adly needed we can greatly improve - matters. The 
type of organisation I have in view consists of 5 classes of officers : 
(i) administrative officers in each district for direction, supervision and 
control, (2) medical college staff for teaching, research and technical advice, 
(3) rural health officers for doing mainly public health work and a little 
of medical work, (4) honorary doctors in all urban hosi>itals for medical 
w ork and (5) health officers of municipalities and towns. Once it is agreed 
tliat a particular scheme is suitable, then medical education can be imme- 
diately modified to supply the type or types of doctors required for the 
scheme. We must make up our minds as to the tyi)e of medical service 
tliat would suit the country best. 

Lastly it has to be realised that the medical problem is closely con- 
nected with the social and economic problems. Unless we stamp out 
the basic luemedical causes of ill-health, namely, ignorance, poverty and 
lethargy, we w ill never be able to attain any measure of success with any 
of our medical schemes. Although the abolition of. these is not directly 
concerned with medicine, yet for achieving our final object of raising the 
standard of health to a high level, we must get these rooted out. In 
India the ignorance of the masses due to lack of education is unparalleled ; 
the poverty due to low incomes is apalling ; lethargy due to lack of 
employment is colossal. No one can ever hope to build on such flimsy 
foundation any edifice of health and well-being. We must make up our 
minds as to the ways and means of remedying these basic defects. 

These then are some of the problems, on the solution of which the 
future achievements of medicine in this country largely depend. They 
may at first sight seem stupendous and difficult to solve and on that 
account the future may look a bit dark and depressing, but I have no 
doubt that with the right policy, right programme and right action all 
difficidties can be overcome and the lives of millions of our village people 
changed from one of misery and despair to one of happiness and hope. 

Conclusion 

The time at my disposal being limited I have attempted to give a 
"bird’s -eye-view- of the vast subject of medical education as it appears to me. 
While there is no doubt whatsoever that the progress and the achievement 
of the last hundred years have been great and commendable, yet it has to 
be admitted that there is ample scope for further improvement and expan- 
sion in several directions. If we can let knowled§:e determine our policy, 
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if we can make science guide our programmes, if we clu have justice as 
the motive power of our actions and if we can act without fear or reserve 
or consideration for useless tradition or interested parties, we can carry 
the torch of progress faster than hitherto towards our goal of health 
for all. . 
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SECTION OF AGRICULTURAL SCIENCES 

President Rao Bahadur*Dr. D. V. Bal, M.Sc. (Agr.), Ph.D., 

A.I.C., F.C.S. 

SOME ASPECTS OF THE PRESENT AND POST-WAR 
FOOD PRODtJCTlON IN INDIA 

(Delinered on Jan, 4. 1944) 


It is with great pleasure I welcome you to the Section of Agricultural 
Sciences of the 31st Session of the Indian Science Congress. Further 
I wish to express my heartfelt gratitude to my fellow workers and 
friends for having done me the signal honour of electing me President 
of tliis Section, and I regard it as an appreciation of my humble 
services to the cause of agriculture for the last 30 years. That does not 
mean that I am not conscious of my shortcomings or that I am oblivious of 
the fact tliat I have to maintain the traditions set by my ilUistrious 
predecessors. It is in the spirit of service to vScicnce that I have accepted 
the responsibility and I crave- your indulgence. 

The influence of the present world-wide war on the production and 
su[)i)l\' of food in our country having assumed a very serious importance 
at the present moment, this subject is naturally uppermost in my mind 
and I ha\'c tlierefore decided to briefly record some of my views in this 
connection. 

Pre-War (1935) Producitox and Supply of Food in India 

According lo the calculations based on the calorific requirements of 
the population and on the capacity of the area under cultivation in India 
to meet these, it has been shown l>y Mukerjee^' that during the year 1935, 
nearly 48 millions of the i>opulation representing the average number of 
persons, had to go witlioiit food on the assumption that the rest of the 
population, which was about 320 millions, obtained their basic minimum 
ration. 

On a stud\' of the figures of imports of food grains from Burma and 
foreign countries during recent years, Gy an Chand*'^ has shown that 
India has of late become, to an increasing extent, a food-importing 
♦ country, the imports amounting to about 2 to 2 6 million tons, and 
India's own food supplj:^ has thus fallen short of her requirements. He 
further states that although the increasing volume of imports of food 
grains may be taken as a sign of increasing commercialization of the 
economic life of the countr}’', the fact. remains that in spite of India being 
predominantly agricultural, she is now importing increasing quantities of 
food grains, and the situation briefly explained in his own ivords is, — 
“India is a country of teeming millions and’ they are wretched and racked 
by hunger and despair. Their position has to be retrieved if they are not 
to be driven from blank despair to maddening desperation." 

Prominent Indian politicians also often mentron that tliere are millions 
of starving lialf-clad people in India who have to remain content* mth 
either half or one meal a day. It will thus be -seen that on this problem, 

17 



130 Proceedings 5/5^ /.S.C. Part II : Presidential Addresses. (2) 

unanimity of opinion exists among the different sections of the thinking 
public.*'* 


PjiE6ENT-DAy Position 

According to the 1939-40 figures,** area under cereal crops like rice, 
wheat, maize, jowur and other millets in British India, is about 146*6 million 
acres and if it is assumed that the production of crop is normal as per 
standard out-turns fixed for the various crops, we should expect a gross 
out-turn of consumable produce of approximately 55*8 million tons. 
Allowing about 2*6 million tons of this produce for seed purposes, the 
quantity of cereal food grains available for human consumption comes 
to 53*2 million tons. Figures relating to British India only have been 
taken as those relating to the Indian States were not available to the full 
extent. 

Taking the latest census figures, the population of British India in 
terms of average adult individuals (two children under 12 years of age 
being roughly considered to be equal to one average adult individual for 
this purpose) is about 236*6 millions. A basic minimum ration for an 
adult individual, according to Aykroyd^, should i)rovide 15 ozs. of cereals, 
3 ozs. legumes, 2 ozs. fats, in addition to 8 ozs. of milk and 12 ozs. of 
vegetables and fruits, giving a total energy value of 2600 calories per day. 

It is a well-known fact that a very considerable proportion of our 
population never takes any milk at all and the intake of oils as well as 
meat per head per day is also negligible, showing thereby that the required 
minimum calorific value must therefore be derived from the staple cereal 
food grains. Calorific value of cereals as a whole may be taken to be 
equal to 350 calories per 100 grams. Average requirements in resixjct of 
cereal food grains per head per day would thus come, to i lbs. on the 
assumption that about 275 calories are derived from oils, pulses, etc., as 
showm by diet surv^eys,^’ *’* and lbs. if the total calorific requirements 
are to be derived chiefly from cereals only. On this basis, total quantity of 
cereal food grains required will therefore amount to 57 8 to 67*5 million 
tons which is higher by 4 6 or 14*3 million tons resi>ectively than what the 
land can normally be expected to produce under existing systems of crop 
production ; in other words the present production from the existing area 
under cereal food crops will have to be raised by 8 6 to 26 '8^/0 in order to 
meet the minimum food requirements of tlie population. Taking the |>re- 
sent population of India including that of the Indian vStates at 389 million 
or 31 1 million in terms of average men, the position in resjKJCt of food 
production to-day would thus appear to be worse than that described 
by Mukerjee, Cyan Chand and others some 6 years ago as the then 
estimated* total population was about 377 millions which when converted 
into average men was equal to only 301*6 million.s, and as is well known, • 
increase in the area under food crops and normal yields have* not l>een pro- 
portionate to this increase in population. 

When we take into consideration the fact that, factors like seasonal 
fluctuations, wastage during i)rocessing, tran.sit and storage, quantity of 
food grains consumed by poiiltry, agricultural and other animals, etc., 
have not been accounted for in the a1x>ve calculations, the deficiency in 
respect of food grains even in normal times must be more acute than 
what has been shown, and it would be still worse in years of famine as 
there would be no appreciable surplus produce left over annually to build 
up any reserves as an insurance against famines. 

The argument advanced against the position of import of food grains 
IS that the increasing volume of imports is a sign of increasing commarail- 
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ization of the economic life of the country. In ordinary peace times 
we may have been able to import foodstuffs in exchange of non-food 
or commercial crops but this reliance on imported food grains has made 
the position of India precarious in the present abnormal stjate of the 
world. The present appalling conditions in respect of food scarcity in 
certain provinces should be a j^ood eye-opener and bring home not only 
thf immediate but the everlasting need to adjust our food production 
in such a \^^ay as to make India not only self-sufficient but also to provide 
for an adequate surplus as a margin of safety in abnormal years, which 
quantity can be available for export in years of normal production. 

That a country like India, which is predominantly agricultural should 
be dependent on imports from other countries to meet the food require- 
ments of her population is, to say the least, very unsatisfactory. We have 
enough land and our first and foremost aim of crop production should be 
to ensure above all the minimum requirements in respect of food and 
clotliing for every individual citizen. 


SroGKSTioNs To Ensitrk Immkdiatk Maximum Food Production 

It will thus be evident that leaving aside questions like birth control 
and other measures for checking the growth of population, our immediate 
need is to increase food production to the maximum extent possible, 
aj>art from the economic factors governing crop production, !^^aximum 
capacity of soils of different regions or tracts in regard to crop produc- 
tion dei)ends oji v^arious factors of which climate, soil type, soil 
fertility, quality of the seed and incidence of disease may be considered 
to be of outstanding importance. It therefore naturally follows that in 
order to secure maximum out-turns of crops, these various factors must 
cither be most favourable in relation to the general crop production of 
various regions or tracts or, in the alternative, cropping systems should 
be so adjusted as to derive maximum benefit from the existing factors. 
This raises a number of issues which, though it is not possible to discuss 
at length, arc briefly dealt with below. 

Climate . — Although we cannot exercise any control over the climate, 
deficiency of soil moisture can, to some extent, be made good by provision 
of irrigation facilities and a scheme should be drawn up for this purpose 
to encourage ccmstruction of wells in areas possessing a fairly shallow 
water table. Soil moisture can also be controlled by the provision of 
ade(|uate conservation or drainage, and v^arious regions or tracts should, 
therefore, be stirv^eved for tliis purpose and comprehensive schemes for 
the construction of bunds and drains should be drawn up. The State 
should play its part in putting these schemes into operation and' sufficient 
.funds should be made available to the cultivators at low rates of interest, 
together with a provision for adequate subsidies and easy instalments for 
the repayment of loans. 

Soil types.^Thc practice of utilizing apparently unsuitable lands for 
a particular crof) is in many instances responsible for the low yields in 
certain localities. It is, therefore, essential to see that only such crops 
as are suitable for particular soil types as well as for soils according to 
their position factor are grown in the various tracts. vSpedal village 
surveys for this purpose would be necessary. Lauds, which are con^- 
dered to be below standard for production of arable crops, should be 
diverted to pasture or tree growth and steps should be taken to improve 
the yield and quality of the herbage and trees to be grown theredn as 
well as those grown on the existing areas. 
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Soil Fertility , — Soil fertility is dependent principally on (a) appro- 
priate physical condition of the soil and (b) presence of adequate quan- 
tities of nutrient substances required for crop growth. Optimum physi- 
cal condition of the soil" depends upon the presence of right proportions 
of various mechanical constituents like, clay, silt and sand, and in addi- 
tion, an adequate proportion of organic majtter and lime. Data regarding 
analyses of soils and yields of crops from various manurial experiments 
dealt with in detail elsewhere clearly show that Indian soils* are gene- 
rally deficient in organic matter and nitrogen, and have now reached a 
stationary state of fertility at a low yield level ^ as 

a result of cultivation for many centnries, without adequate returns 
of organic matter and phosphate, and due to the lack of proper soil 
management in certain important directions. Judging the results of 
various manurial experiments it can be stated without any fear of con- 
tradiction, that applications of moderate quantities of nitrogen i.e. 15 to 
2^ lb. per acre, as farmyard manure, oil-cakes or artificial fertilisers, 
raise the yields of common field crops like cotton, rice, wheat and jowar to 
the extent of 25 to 33 per cent. In this connection it may also be men- 
tioned that the full value of bulky organic manures is not returned in one 
year but their beneficial residual effects on croi) growth are visible over 
a number of years after the applications of manure are stopped. 

It is, therefore, clear that special efforts must be made to improve 
the organic matter status of the soils. This can be achieved to a large 
extent by encouraging the preparation of composts from farm wastes by 
the cultivators and the preparation of composts from town refuse and 
nigitt-soil in urban areas. As there is a considerable amount of prejudice 
amongst the cultivators against the use of comi>osts j)repared from night- 
soil and town refuse, the question of issuitig this material free for a few 
years in the beginning and, in addition, making small cash j payments to 
the cultivators to partially cover the expenditure incurred in carting tlic 
manure from urban areas to their fields deserves very careful considera- 
tion. 

With a view to maintaining the fertility of soils in general and their 
nitrogen content in particular, extensive cultivation of leguminous crops 
by developing suitable crop rotations and mixed cropping practices to meet 
the requirements of various regions or tracts is urgently requiretl. The 
nitrogen recuperative power of some common legumes when grown singly 
and in rotation, with other crops has already been dealt with else- 
where.^' 8 & 9 

According to the requirements laid down for a properly balanced diet, 
minimum intake of pulses per adult individual per day must he 3 ozs, 
and the Cereal protein /legume protein ratio should be about rSo. Total 
area under gram and other pulses in British India comes to 40 5 million^ 
acres which will normally }'ield 8*7 million tons of legumes. Out of this 
0*7 million tons would be required for seed jmrposes leaving a balance 
of 8 million tons uhich would yield about 5 3 million tons of pulses. On 
the basis of the population in tenijs of average adult individuals (236 6 
millions) the quantity of pulses available f>er head per day therefore 
comes to only 2*2 pzs. as against the minimum required quantity of 3 ots. 
Diet surveys'® carried out in the C. P. & Berar have also clearly shown 
that average intake of pulses per consumption unit per day is 21 to 2*5 
ozs. in the case of workers employed in cotton mills and manganese 
mines, and 2 ozs. in the case of cultivators. 

Tn addition to the factor of minimum quantity of protein required 
per head per day, the biological value of the proteins, the impc^teiice 
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of a small excess of proteins with a view to (i) accelerating the general 
vital processes of the body, and (ii) restoring the loss of proteins involved 
in the production of certain products like hair, nails etc. cannot be 
ignored. It will thus be seen that the amount of protein which is avail- 
able for human consumption in India is definitely inadequate and apart 
from the soil renovating power of legumes, extensive cultivation of these 
crpps is therefore of urgent and vital importance in order to improve the 
existing ill-balanced diet of the people. 

Quality of the —Without going into actual details of yield data 
of various experiments conducted in the past, it can be said that the 
existing yields of common field crops are in many cases capable of being 
increased by 10 to 20 per cent if improved varieties of crops are grown 
in place of the local ones,'® Selection of sound and healthy seed with 
good germinating capacity is also a very important factor which is inti- 
mately connected with the yields of crops. Efforts should, therefore, be 
made to imnicdiately increase seed multiijlication centres to meet the 
demands of the cultivators for improved seeds of various crops. The 
I)resent strength of seed farms and plots is quite inadequate, and in order 
to meet the demand in full for improved seed, a network of Government 
and private seed farms together with suitable organisation for distribu- 
tion of seed is of paramount importance. 

Incidence of disease . — It is a well-established fact that croi) yields 
are considerably affected from 3’ear tp year due to the diseases caused by 
insects,** fungi and other causal organisms. It is therefore necessary to 
establish suitable agencies on a regional basis to deal with the diseases of 
croi)s, as individual efforts by a few cultivators in this direction do not 
always meet with success, and elimination of a particular disease or a 
pest from the tract as a whole is absohitely essential to save the crop or 
crops of the locality. 

Breaking up falloiv land . — One of the inetliods suggested at present 
to increase the production of food crops in India is to break up fallow 
land. In this connection the position of the cattle vis-a-vis the human 
{>opulation must be very closely examined. Do we secure better produc- 
tion of food and fodder for the country as a whole by bringing new land 
under cultivation than by adequately manuring and cultivating the exist- 
ing lands on an intensive scale and developing the fallow lands into 
pasture areas by adopting efficient methods of growing herbage and con- 
trolled system of grazing? 

The backbone of Indian Agriculture is the cattle, as bullock power 
is the whole and sole motive power used for every agricultural operation 
in India. Any system of cropping ^vhich is likely to come into conflict 
^\ith the interests of the cattle population must therefore be scrupulously 
avoided. The development of the livestock industry has recently received 
* a remarkable imi>etus due to the keen interest taken by Lord Linlithgow 
Viceroy of India in problems connected with the improvement of cattle. 
vSerious attempts are being made to effect an all round improvement in 
the cattle of the country by introducing better methods of breeding and as 
a corollary to this effort, improvement in the feeding of the cattle must 
inevitably occupy a prominent position as it is generally recognised that 
improved breeding must always be accompanied by adequate feeding. 

It is a well-known fact that the consumption of milk per capita per 
day in India is far below the minimum quantity pre^ribed for a balanced 
ration and the recent second edition of the report on the iMrketmg .of 
milk in India shows that thelposition to-day is even more distressing as 
tlie consumption of milk per head during recent years has further dropped 
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by about 12 per cent. Apart from the importance df cattle as a source of 
motive power in Indian Agriculture, the paramount importance of milk 
in the dietary of human beings caimot be overemphasised and any attempts 
calculated to improve the health of cattle by providing proper nutrition 
will therefore not only improve the general condition of the cattle, but 
in addition would render the greatest service to the population of India — 
whose daily diet is not only subnormal but ill-balanced — ^by augmenting 
the supply of milk. 

Since the existing supplies of fodder and the area under pastures are 
inadequate and since it is not possible to check the practice of maintain- 
ing a large number of inefficient cattle which consume fodder which is 
essential for the better cattle, systems of crop[)ing which arc likely to 
increase the competition between the cultivators and their cattle must be 
adopted with very great caution and after a full consideration of the pros 
and cons of this important question. Fortunately for us, if better methods 
of cultivation and manuring are adopted, it is possible as has been shown 
before to increas^e the production of food crops by 25 to 33 per cent so as 
to adequately meet the food requirements of the population of the country, 
and it may not therefore he absolutely necessary to bring large areas of 
fallow land under the plough. 

Storage facilities . — In certain cases like wheat, the damage due to 
weevil attack has been jdaced at 33 per cent, but taking the modest figure 
of loss for all crops at per cent,^^ nearly 13 million tons of the stored 
grain is annually being damaged in India as a result of insect attack. In 
addition to the various factors relating to the prcKiuction of crops referred 
to above, the question of provision of adequate storage facilities to protect 
the produce against the attack of insects, rats and spoilage due to weather 
conditions must not therefore be ignored. 

Maximum versus Fconomic Crop I^roih'ction 

In order to receive maximum out-turn of food crops as against the 
so-called commercial or cash crops, the vStatc must lK>wever c'omc forward 
to help the cultivators whenever required. If we only look tf) the economic 
aspects of crop j)rodnction, as has been always done in the past, the 
persons to be benefited by this |)olicy are mostly big land-holders, 
merchants and middlemen who arc able to cxi)ort the produce at profitable 
rates and meet their re<juirements by purchasing either indigenous or 
imrxirted raw and processed foodstuffs at such rates uiiich the average 
cultivators and labourers cannot pos.sil)ly afford to pay. In view of tlie 
fact that it is X)bligatory on the i)art of the State to ensure minimum 
requirements in respect of fcK>d and clothing for every individual citizen, 
there is therefore no reason why a portion of the increasing industrial and^ 
commercial income which is ultimately derived largely as a result of the 
produce of the land should not be utilised in giving relief in the form 
of subsidies to the cultivators, should the business of crop production 
vis-a-vis industrial manufacture of .finished articles becomes uneconomic 
or tinremunerative. Our soils which have reached a stable minimum ferti- 
lity level, are capable of yielding increased out-turns to the extent of 25 to 
33 per cent, if properly manured and cultivated, and what is wanted there- 
fore is a definite incentive to the cultivators to make the business of 
production of food crops, if not remunerative, at least not unprofitable. 
As the average calorific value of the daily diet per head in the case of 
faetdry workers and agricultural labourers is only 2,100 as against the 
minimum requirement of 2,600, production of sufficient food in the comixy 
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will not only improve the efficiency of crop production but also industrial 
manufacture by increasing the efficiency of labour. In this connection it 
will not be put of place to quote the examples of stabilisation of sugar 
p:^oduction from sugarcane and beet in India and England respectively. 
Had the production of sugar not been subsidised or protected by adequate 
tariff by the State for a period* of 15 years or more, the position of India 
and Englpid to-day in respect of supplies of sugar would have been 
disastrous. 

IvONG-RANcn Problems .Rei.ating to Food Production 

In order to stabilise the production of various crops in general and 
food crops in particular, it is ’essential to consider the long-range problems 
and prepare a co-ordinated plan so as to make India a self-sufficient unit. 
In this connection it may be mentioned that some of the suggestions 
referred to above, which though can be put into effect immediat^y have 
also an important bearing on long-range planning of food production and 
in addition to those some other important long-range problems are briefly 
referred to below. 

Experiments to determine maximum crop yields . — Properly planned 
experiments should be started to determine the maximum crop-yielding 
capacities of soils, e.g., under a given set of soil and climatic conditions, 
and by adequate soil management and with maximum applications of 
manures and fertilisers, what is the maximum crop-yield possible in a 
given region or locality? An experiment recently conducted with sugar- 
cane has shown that under conditions obtaining in India, yields as high 
as 100 tons of cane per acre— as against 15 to 25 tons to-day — can be 
obtaineil by adopting suitable methods of soil management and adequate 
immuring and irrigation. Experiments should, therefore, be conducted to 
obtain similar information in respect of other crops which would give a 
clue to the dominant factor or factors which affect crop yields. In design- 
ing these ex[)eriments particular attention should be paid to the organic 
matter and nitrogen status of the soils, and the standard experiments 
finally fixed should be simultaneously conducted for a certain specified 
period at various places under different sets of soil and climatic conditions. 

Need for training a large number of young persons.— The need for 
fundamental research and continuity of research in agricultural ^ience 
with i)articular reference to the day-to-day problems of the cultivators 
that are bound to arise in connection with the work of extension of 
improved methods through propaganda cannot be underestimated Research 
work in agriculture .to-day is as important as in any other subject. In 
order, therefore, to make a band of efficient workers available for both 
lesearch and proiiaganda work,^^ steps should be taken to .select and tram 
right tyiKJ of promising young men of all ranks who can sympathetically 
appreciate the difficulties, requirements and aspirations of the cultivators. 

Colonisation of new areas . — Thousands of men who have been re- 
cruited to the various branches of the Army Department can be utilised 
directly or indirectly for agricultural work after the war as follows: — 

The demobilized personnel can either colonize certain select^ areas 
and carry out individt|d or co-operative farming. Services of suitable men 
can be utilised in organised campaigns against diseases and pests ot crops 
involving the use of elaborate and specialised types of machinery , insecti- 
cides and fungicides. ^ 

Their services can also be utilised in several ways in the vuiage-upm 
work, e.g., (r) running of day ‘and night schools* (2) treatment of simple 



igB Proceedings sist tS*C. : Part tl : Prisideniial Addresses. (6) 

aiiments of the cultivators and their cattle, (3) running small-scale work- 
shops for repairing agricultural implements, (4) improvement of village 
sanitation and (5) co-operative marketing of agricultural produce and of 
commodities required by the cultivators. 

Similarly a large number of motor vehicles and tanks can after the 
war be suitably altered so as to make them fit for power work on the 
farms. This would not only ensure efficient cultivation of the existfng 
^ cultivated areas but would facilitate the work of eradicating obnoxious 
weeds like kans iSaccharu7n spontaneum), bunding operations, stopping of 
erosion and breaking new land, all these factors being vitally important 
in securing maximum crop yields. 

Prevention of frag77tcntatio7t of holdings . — The problems arising out 
of the existing la^YS of inheritance which make fragmentation of holdings 
possible to such an extent as to make them uneconomic must be Ijxamined 
and adequate stei>s must be taken to prevent this practice. A suitable 
system Of land tenure which will ensure a long-term and sustained interest 
to the cultivators who take lands on lease must be evolved. These two 
factors are vitalh^ connected with tlic question of maxim um yields that 
can be obtained from tlic cultivated soil and must therefore be carefully 
considered and a sat isf actor solution evolved. 

Stabici*satiox of Incomk.s of AoRicui.rrR Vi. Laboukkrs Cui.tivator.s 

A suitable system should be evolved b\' which basic wages could be 
a.ssured to the agricultural labourers as is at ]>resent being done, in the 
ca.se of industrial workers by fixing their basic wages with the help of tlic 
index number of living and granting increased wages in proportion to the 
increased cost of living. As suggested above where nece.ssary, incomes 
of the cultivators may also be subsidised to make the business of production 
of food crops, if not remunerative, at least not unprofitable. 

CoNcr.u.siox 

To conclude, inoblems connected with the present and future food 
Iiroduction in India have been broadly surveyed. It has been urged that 
w e must harness together all the forces at oiu disposal in order to increase 
the production of food in India, not only to meet her [iresent requirements 
but to banish the problem of food deficiency for all times to come. The 
economic factor in the i>roduction of food crops must not deter us from the 
task of ensuring minimum requirements of food and clothing for India’s 
teeming' millions. As one of tny predeccs.sors has .said, *Tncrca.sed pro- 
duction ivill help to banish famine and poverty from the land, and to bring 
us near the realisation of our hope, namely, to make India a garden, ringing 
with cheerful and contented life, with smiling fields and food in plenty/’ 

The importance and urgency of this subject and the fact that economic 
and other factors must always occupy a subordinate place in relation to 
the question of sufficient food production cannot be better empliasised than 
by quoting the following pa.ssage from the speech delivered by President 
Roosevelt to the delegates of the United Nations Conference on food and 
agriculture*^ **A sound world agricultural programme will depend upon 
world ix>litical security while that .securitv will in turn be greatly 
strengthened if each country can be a.s.siired of the food it needs. Freedom 
from want and freedom from fear go hand in hand/’ It is needless to 
say that in so far as India is concerned, her food requirements can be best 
assured by increasing her food production capacity to the desired extent. 
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HARMONY AND RHYTHM IN NATURE 

{Delivered 07i Jan. 5, 1944) 


I thank you for the trust that you have shown in me by electing me 
to* shoulder the responsibility of this year*s Presidentship of the Section 
of Physiology of the Indian Science Congress. 

As a teacher of physiology it has been iny aim to impress upon the 
students that when they learn about some facts regarding a particular 
organ or system in physiology, they should keep the whole body in 
perspective and try to harmonize the "facts they are learning with the rest 
of the body as a whole. Whatever changes take place in one organ, they 
so afiPect tiie rest of the body that they are not just balanced for their 
ow’n sake, but serve some fundamental necessity of the body, either, 
towards its better working under, ordinary conditions, or towards its self 
preservation under emergencies, when peace time working of the both’, 
so to say, is sacrificed to tide over the crisis. While the activities of the 
body are being harmonized with one another as a matter of necessity, the 
very working of the living body demands that, in order that it may conti- 
nue to be active, there should be alternate peri(K]s of rest and work, so 
absolutely interdependent on each other that they may be compared to the 
two faces of a picture. This harmony and the alternate phenomenon of 
rest and work, in a sort of rhythmic manner, seem to be the most funda- 
mental facts of life, to which I have been led while harmonizing some 
of the apparently different subjects on which T have worked. The r^^sunie 
of this is now given. 

Carbon dioxide in the Scheme of Life 

In spite of its being a reputed protoplasmic poison, we remain literally 
saturated- with CO3, since every cell necessarily produces it by the very 
virtue of its being alive, because carbon is the main fuel of life. It 
follows, therefore, that the more life a cell possesses, the more is the 
amount of CO2 which it has to produce, and therefore to tolerate. These 
cells out of the sheer necessity of setting the machinery for the excretion 
of CO3 have so habituated themselves that their very life and activity is 
conditioned by the presence of COj. Thus, although, it has been looked 
upon with suspicion, and for good reasons, its importance to the body 
could be gathered, e.g., by practising forced ventilation on oneself just 
for few a minutes, which even then only partially reduces its normal 
tension in the body. 

However, as its poisonous nature, and it alone, was known to the 
ancients, we do not find any mention of its normal role in the body in the 
earlier literature. On the other hand, we find ample evidence of the 
interest show% as to w'hal would happen if it were not normally gol rid 
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Qf from the body, or when it was actually taken in ; atid naturally 
enough, as the beating of the heart has, from time immemorial, been 
taken to be the sine qua non of life, the heart was the first organ to 
receive attention of the ancient scientists. It was known to the ancients 
that the animal, which had been exposed to the influence of CO2 and was 
seemingly dead, could be brought back to life by bringing it back to fresh 
air. 

However, experiments directed specifically to the effects of CO^ on 
^e circulatory system may be said to have been first carried out by 
Traube (1862-63), wdio showed that mixtures of CO2, containing as much 
as from 20 to 75 per cent CO2 cOuld be breathed for a few moments, and 
that they had a material effect on the circulatory system, which he showed 
later were due to the stimulation of the ‘musculomotor system\ Thiry 
(1864), in view of Traube’s work, came to the conclusion that the rise 
in the blood pressure was due to the constriction of the peripheral arte- 
rioles. This was later confirmed by Traube (1865), who concluded th*at 
CO2 was the natural excitant of the vaso-motor-centre. In more recent 
years Dale and Evans (1922) have shown by doing reverse experiments of 
over-ventilation that there is a fall of blood pressure due to the lessening 
of the CO2 tension responsible for maintaining the tone of the vaso- 
constrictor-centre. Vincent and Thompson (1928), doubted the results 
obtained by Dale and Evans and explained that they were due to the 
mechanical causes consequent on specific operative measures adopted, 
rather than due to over- ventilation. McDowall (1930), however, after 
excluding the mechanical causes showed that the fall of blood pressure, 
if it does occur at all, which sometimes does not occur, was a genuine 
ifliysiological phenomenon. 

As it is well known that the blocxl pressure depends on two factors,-^ 
the perijiheral resistance and the cardiac output, — it was not then known 
which of the tuo factors played a more important role. I, while doing 
exi>eriments on the cardiac output, under various conditions, found that 
COg kas a profound effect on the various phases of its beat. In oyer- 
ventilation exjieriments, it was found that with the onset of over- 
ventilation there is a gradual decrease in the relaxation of the heart, 
which in its turn decreases the contraction resulting in a gradual, but 
marked, decrease in the cardiac output. It is, in fact, this factor which 
is far more resi)onsible for the fall of blood pressure than any peripheral 
dilatation depending on the loss of tone of the vaso-constrictor-centre due 
to the washing away of CG\. In fact, the peripheral vessels may both be 
dilating on account of the central action, chiefly acting on the arterioles, 
and constricting on account of the local washing away of CO2, chiefly 
acting on the caiiillanes. Thus, while the combined peripheral resistance 
may either increase or decrease, the fall in cardiac output is a constant 
* phenomenon. 

As a corollary to the results shown above were noted the effects of the 
increased tension of CO3 on the heart. It was already known that 
was an increase in the cardiac output after the administration of C02» The 
increase in the cardiac output was, however, known to be dependCfifr on 
an increase in the venous pressure, as had already been shown by various 
authors. 1, however, found that in the beginning of the administration^ of 
CO3, the increased dilatation of the heart resulting in the incre^ed cardiac 
output was independent of the rise in the venous pre.ssure, whiA, in ract, 
fdl in the beginning rather than rose, showing thereby that CO3 at^ally 
actively Increases the dilatation of the heart resulting in increa.s^d cardiac 
output. It was thus established that a certain •tension of COa is directly 
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necessary for the diastole of the heart and indirectly for the systole whiA 
depends on the diastole and thus for its entire activity. 

Carbon dioxide had long since been known to be, par excellence, the 
respiratory stimulus, or rather, in our modern and more correct concep- 
tion of a rhythmic respiratory centre, we shall say a necessity to maintain 
and regulate its rhythmic discharges. It became now evident that it has 
a profound influence not only over the activities of the respiratory but 
circulatory system as well. A slight lowering of its normal tension brings 
both the systems to a standstill, respiratory first and only a moment later 
flie circulatory, here acting chiefly on the heart. 

Pericardium and its Importanck 

The limit of the heart’s dilatation is provided by the x)ericardium. 
The increased cardiac output noticed, both after the administration of 
carbon dioxide and the production of mild asphyxia, depends upon the pre- 
vious states of the heart. Under anaesthesia, generally, there was found 
to be a gradual accumulation of carlx>n dioxide with progressively decreas- 
ing oxygenation of the blood. This condition of the animal leads it to 
its gradual death resulting from the increasing hyiXKlynamic condition of 
the heart, till its output decreases to the extreme. 

In my experiments the increase in cardiac output after the administra- 
tion of carbon dioxide showed lesser response as the observations were 
repeate^i, till towards the end of the day it vanished altogether and even 
was replaced by a decrease. There is a possibility that those workers 
who found that asphyxia and carbon dioxide reduced the output of the 
heart were dealing with a hypod>mamic heart, i.c., a heart in its extremely 
dilated condition, when it is actually striking against its parietal peri- 
cardium. 

When the heart has to increase its output, two things must be fulfilled, 
it must expand more and also be suflicierttly fresh and healthy to con- 
tract better, after that. A hypodjmamic heart striking against the peri- 
cardium cannot perform the.se acts and ultimately stops. If, however, 
pericardium were not there, the heart would stretch to such an extent that 
an irrepairable harm would he done to its muscles and other tissues. 
Before that is allowed to occur if the pericardium is slit and there is room 
for the heart to dilate, it does so at once and the beats are revived. 
Further it has been possible in a few animals, with careful artificial respi- 
ration, to reduce the dilatation of the heart and put it back into the 
pericardium and stich it up. (It is suggested that in desperate conditions 
when such a condition of the heart is suspected expert surgeons might 
take advantage of this). 

ACTIQJ^ of CO2 ON THE HEART OP CiONA-InTESTTNALIS 

Carbon dioxide being universally present, what is tnie of its action 
on the hearts of higher w^arm-blooded animals, ought also to be true for 

hearts of the lowly cold-blooded animals. At least in one such animal 
I myself had the opportunity of testing this truth. At Plymouth Marine 
Biological Laboratory I \vas engaged in studying the rever^l of Ae heart 
cycle in the Ciona-Intestinalis. These animals did not survive for lonfe 
in the aquarium tanks with the result that wdien they were brotight to 
the laboratory, a fair number were found to be already Mead\ (The 
expOTmental advantage with these animals is. that after taking Out their 
'tunic’ in which these animals are enclo.sed, one can see the whole 
interiori because their bodies are transparent). By examining their 
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carefully it was suspected that the 'dead' hearts were a shade smaller 
than the living hearts of nearly the same sized animals. The pH of the 
sea water in the tank was possibly slightly higher than was suitable for 
these animalSi as by bringing down the pH, by blowing into the water 
in the dish the hearts of these ‘dead’ animals were revived. Afterwards 
these animals, even though royghly handled and mutilated, could be kept 
alive in this manner for over twenty-four hours. From these experiments 
it was p6ssible to conclude that the normal tension of carbon dioxide 
necessary for the well-being of these animals was not present in the tank 
water in which they were kei)t, with the resiilt that the diastole gradually 
tlecreased till the hearts did not dilate at all and stopped in systole. 

Besides its direct action over the vital circulatory and respiratory 
systems, carbon dioxide still, ^ though in an indirect manner, has to play a 
role not less important. This it does by taking charge, so to say, of the 
regulation of the H-ion concentration of the blood, whenever a change 
in the H-ion concentration of the blood or other fluids takes place. ' 

Hydr(x;hn-i()n CoNCENXR.vnoN OF Saliva 

ik^fore these studies were undertaken it was sometime during 
1925-1926 the reaction of saliva was usually stated to be alkaline, i.e,, 
above pH 7. I.rater on it was stated to be neutral or even slightly acidic 
in reaction. I, on the conclusion of my studies had found it to be both 
alkaline and acidic, regularly passing from one reaction to tfte other 
through the neutral ]>oint ; and that this regulariiv was associated with 
the meals, I did not start all at once with the study of its reactions, but 
I was led to it from the studies on the digestibilities of different rice and 
allied preparations. In these later studies I found that parched rice w^s 
the more easily digested. Later on I also found that parched rice was not 
only more easily digested but that it was richer in vitamin B than ordinary 
bazar rice (not par-boiled). During the course of these studies, which 
were made on medical students and departmental servants and myself, I 
found that although the majority relished the parched rice, there were a 
few^ who had no liking for it. Tho,se who liked it poured out a large 
amount of saliva and tho.se who did not, could not pour out enough 
saliva even to moisten and swallow it. With this incident, which led 
me to think that on liking, may also depend the intensity of salivary 
digestion, I started the test tube experiments of testing the intensity of 
the saliva of different persons. During the course of these studies I 
tested the reactions of saliva as a routine measure and found that they 
varied not only in different individuals, when tested simultaneously, but 
differed even in the same individual when tested on separate occasions. 
The important thing that 1 discovered was that those who liked a parti- 
^cular f(x>d, and also either felt appetite or were hungry, poured out a 
* large amount of saliva which had a strong alkaline reaction, and, on the 
other hand, those who did not, poured out only a small amount of smwa 
which had either a neutral reaction or even a slightly acidic one; Tms 
led me to test the reactions of saliva in the same individual who might 
l^ave either acidic or alkaline saliva during the course of the sarne da3^ 
It then occured to me that the reaction might regularly vary with the 
meals. I did tlie experiments on myself first, daily for a number of 
tnonths, and confirmed them later by doirig mass experiments on the 
students and came to the following conclusions: — r r 

(i) There are regular changes in H-ion concentration of 
with the meals, e.g., in persons who are hungry and also feel appetite 
for a particular the reaction of the saliva, becomes strongly ailsaune 
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synchronising with the time of their being either hungry or feeling the 
appetite ; if this is followed by the food, particularly by the food of their 
choice, the reaction continues to be alkaline during meals and that the 
alkalinity persists for a few minutes even after meals. Then the saliva 
quickly gets less and less alkaline till it actually becomes slightly acidic ; 
it then further changes to alkaline reactipn, but now at a slower rate 
and further that it does not reach the same intensity of the alkaline re- 
action as it was in the beginning. Saliva now remains alkaline for some 
time, the time det>ending on the nature of the food, and becomes slightly 
acidic after two or three hours, to turn again slowly into alkaline re- 
action till the peak of alkalinity is reached at the next meal time, provided 
the person is again hungry or feels appetite. During these studies 
it was also discovered that the amount of the saliva ran parallel to its 
pH, that is, it was in direct proportion to its alkalinity. 

(2) The regular changes in the H-ion concentration of the saliva 
described above are reflected in the urine, i.e., the reaction of the urine 
is of the same nature as that of the saliva, (the jirecaution to be observed 
at this moment is that the reaction tested should be of the urine passed 
at that very time, that is, the reactions are tested of the synchronous 
samples of both urine and saliva). 

{3} Changes in the H-ion concentration of the saliva occurring during 
meals, as described above, are reflected in the alveolar CO2 tension of the 
lungs, ^^hich is appreciably increased to maintain the pH of the blood. 

(4) Changes in H-ion concentration of the saliva run parallel to the 
changes in the H-ion concentration of the gastric juice, but, of course, 
of opposite order. The latter, can thus be indirectly studied through 
the pH of saliva. 

From the above it can be concluded that the reaction of saliva can 
be a faithful guide to the reaction of the blood at any time. As a i)oint 
of practical importance it is very strongly suggested that the testing of 
the reactions of saliva may be substituted for the lest meals and analysis 
of the ga.stric juice. The advantages of this study will not only be on 
account of its ver>‘ great simplicity, but that it can be studied under 
absolutely natural conditions without resorting to any operative measures 
and unnatural te.st meals. These test meals and similar measures, r.g., 
watching through the stomach windows, as was done in the case of the 
classical experiment by Boeumont upon Alexis St. Martin, have led its 
to at least one very erroneous conclusion, that appetite juice, in human 
beings plays an unimportant role. An exact reverse, however, is the fact. 
If appetite juices play any role in the digestion, and I assert that they 
do, then their most important role must be in liuman beings. 

Rou: OF Chewing in Digestion 

Related to the above is the role of chewing in digestion. Besides 
helping the digestion in the manner already known, I have found that it 
increases the pH and the amount of .saliva defiictiiig the parallel changes, 
but of pH in opposite direction, taking place in the stomach. Thus we can 
say that chewing does not only help in breaking the food into fine particles 
but is a help both in the increased production of the saliva and conse- 
quently also of the gastric juice. 

In this connection I have found that the pH of saliva also increases 
durifig defaecation. This probably is due to a setting up of a reflex which 
on the analogy of the gastro-colic-reflex may be termed as colori-gs^tric- 
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reflex. By calling it colon-gastric-reflex, I presume that salivary reaction 
is secondary to increased secretion of gastric juice at that time. In any 
case it can at least be safely assumed th§t the digestive system is better 
prepared for^ digestion after empt5Hing the colon rather than when it is 
loaded, and just as we can take help of the gastro-colic-reflex in relieving 
the atonic colon of persons suffering from habitual constipation, which 
is so common, we might also take help of the colon-gastric-reflex in help- 
ing the person suffering from atonic dyspepsia. 

This interrelationship between the H-ion concentration of saliva and 
gastric juice found confirmation .in another w^ay. If, as it was already 
known, the H-ion concentration of infant’s gastric juice be less than 
that of the adults then it could be foretold that the pH of their saliva 
would also be less. This wa« happily found to be a fact in my experi- 
ments with infants* saliva. Further, as I have already stated above that 
the amount of saliva is in direct proportion to its alkalinity, it is no 
wonder that the amount of saliva secreted by the infant is much less 
than in older children and adults. Ail this is in conformity with the 
infants* requirements, whose diet consists only of milk which neither 
requires salivary enzymes for its digestion nor the strong acid in the 
gastric juice, for the digestion of the milk is better carried on by a weaker 
gastric juice. 


The characteristic physiology of cells, tissues, organs, and organisms 
that we know today is the outcome of evolution and adai)tation to the 
environment which has been going on for untold millions of years. It is 
probable that when life started on this earth the atmosphere contained 
far greater amount of CO2 and far less oxygen than it now contains. It 
can be presumed, thereb)re, that animal life adapted itself to the un- 
avoidable presence of CO2, both inside and outside. This adaptation to 
CO2 which has been going on for millions of ages has been so perfected 
today, and the machinery responsible for this perfection, is so constituted 
that the slightest change at one place is balanced by the opposite change 
at the other. This perfection of the maintenance of a certain standard 
t)f COj tension in the body is amply illustrated by the simultaneous 
changes of the opposite nature taking place in the reactions of the secre- 
tions of the mouth and the stomach which are further helped by changes 
taking place simultancouslv in the body elsew’here, e.g., in the changes 
taking place in the CO2 tension in the alveolar air and the reaction of 
the urine. It is significant to note that these changes of CO^ tension in 
the body fluids and the resulting changes in the H-ion concentration are 
not just taking place for the sake of keeping the H-ion concentration 
constant in the internal fluids, but that the very existence of the indi- 
vidual is inextricably bound with them, as if the whole nature is con- 
triving to one common end. Thus we see that when one secretes a toge 
amount of saliva, it is not only secreted just to balance th^JH-mn ^r- 
centration on account of the simultaneous secretion of tie PP 
in the stomach, but it is actually needed for the better shewing, swdlowi^ 
and digesting the food that is to follow. 

that the salivary digestion plays practically no role in , 

the food, for the reason that the food does not stay in *e and tha 

the salivary digestion will stop as soon as it is bungled wi 
the gastric juice. Now it is well known that ^hvary digesbon do^^ 
continue in the stomach and for a pretty , rfostne iuice 

being that the thorough mixing of the ^ had the nature 

takes some time. It is not, however, still any 

contrived for the stay of the food in the mouth without, however, any 
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Other change in the rest of the nature, salivary digestion would not have 
tafeen place at all, because it is now known that the salivary digestion 
of starches, takes place best at Jhe ^neutral or even at the slightly acidic 
reaction. As I have already shown the reaction of the saliva is strongest 
towards the alkaline side during chewing, this reaction is not so well 
suited for the digestion of the starches as when it will be made less alkaline 
on mixing with the acid gastric juice. One might think that the secretion 
of the alkaline saliva is secondary to the primary secretion of the acid 
appetite juice in the stomach, but the fact that chewing at any odd time 
— which must necessarily be accompanied by the secretion of the saliva, 
— ^is also accoittpanied by a simultaneous secretion of the gastric juice, may 
be taken as demonstrating that the secretion of saliva is primary and 
that of the stomach secondary. \^^e, however, are not so much con- 
cerned in finding out which is which — probabh'' the two acts are simul- 
taneous — as to the fact that both the secretions are necessary for the proper 
digestion of the starches, while at the same time the alkaline saliva 
preserves the teeth, specially important during chewing, and that the 
acid gastric juice, besides neutralising the saliva, is needed for other equally 
important works. These secretions of opposite reactions also casually help 
tp maintain the H-ion of the blood at a fixed level which is required for 
other activities of the body. Should we not marvel at the economy and 
harmony of nature which is evolving the starches and the digestive 
machinery and its working in the animals ou parallel lines as if the whole 
nature is interwoven in one net ? 

As I have already mentioned that COa is a sort of necessary and 
unavoidable ‘evir, which has so inextricably worked itself into the whole 
of nature’s machinery, it is unthinkable what would have been the face 
of nattire had this evil not been present. It is not just only in the animal 
body that the balance; of COo is so delicately maintained that in spite of 
the frequent disturbances occurring in its contents in the body the balance 
is struck even without our awareness, but the same is true for the whole 
nature, for it is said, ‘^Though CO^ occurs only in small quantities in 

air it plays quite an important part in the due ....... 

performance of the respiratory functions of animals and the digestive 
functions of the plants ; a little deficiency or excess would severely affect 
all these,^ and it is produced in such large quantities in volcanoes and 
coal fires, and is consumed in such large quantities by plants and rocks 
that considerable variations in its total volume might very well take 
place. Such variations are, however, automatically checked by the sea ; 
for, as the pressure of COj in the air rises, more enters into solutions in 
the sea ; and as it falls, some of it in solution in the sea returns to the 
air. How^ effective this regulation is the following will show\ At present 
there are three volumes of COj in ten thousand of air. In order to. 
increase the proportion to four in ten thousand it would l>e necessary to 
more than double the amount originally present, for sea would absorb 
much the greater part added,” It may aptly he said that just as blood 
of an individual acts as an efficient buffer against its increa.se or decrease, 
the sea acts similarly for the whole earth. If, however, CO3 is arti- 
ficially increased or decreased the machinery which was habituated to 
work within a certain tension is brought to a standstill. Even if it were 
present permanently in only slightly different projx>rtion, the whole vital 
aspect of nature would change. It is marvellous that this gas should be 
found in apparently the exact quantity needed for the working of the 
whole of nature. Is it not an astonishing example of perfect harmony 
m entire nature? 
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Carbon dioxide and Temperature 

From what has already been described, it is evident that a certain 
tension of carbon dioxide is essential for the normal working of the heart, 
which on either side of it alters its activities from the just appreciable to 
the extreme measure, i.e., it may stop its activities altogether and remain 
either in the extremely dilated or contracted state, depending on whether 
the tension* of carbon dioxide is increased or decreased respectively. But 
this working range of carbon dioxide tension is conditioned by tempera- 
ture. 

The temperature of my experimental animals, mainly cats, was raised 
by artificial means. In the beginning, for some time, the internal tem- 
perature of the body does nat rise, as the tendency to rise is counter- 
balanced by the increased number ot respirations. The balance, however, 
is soon lost ancf the internal temperature gradually rises. After staying 
for some time, it then rises more quickly till the animal dies. With 
the quick rise of temperature there is a further increase in the number 
of respirations when a marked decrease in the depth is noted, or, in other 
words, the respirations become very quick and shallow. Heart simul- 
taneously increases its number of beats, and in the beginning there is also 
a small and temporary rise of blood pressure, which, soon after, as the 
temperature continues rising, starts falling, the fall being abrupt towards 
the end. This fall in blood pressure is found to be mainly duetto the 
decrease in the cardiac output. The important point to be noted is that 
the slowing of the heart does not take place at any stage and, in spite of 
the very marked increase in the number of beats, increase in the cardiac 
output which occurs in the beginning is of a much shorter duration than 
what is noted during the administration of CO2, when, on the other hand, 
slow’ing and increased cardiac output is a marked feature. 

The study of carbon dioxide tensions in these temperature experiments 
reveals an interesting feature. While at an ordinary room temperature 
artificial over-ventilation produces apnoea much more quickly, and with a 
smaller decrease in CO2 tension, it remains ineffective w^hen the tempera- 
ture of the animal is very high, although the CO^ tension even wuthout 
doing artificial ov^r-ventilation has already become less than is compatmle 
with the ordinary resi)iratory activities at room temperature. In other 
w’ords respiratory centre at' higher temperature is tuned, so to say, to 
work at a low’er CO., tension than is possible at an ordinary temperature. 
An important point to be noted is that, whereas it is much easier to 
revive \he animals when they are dying with the effects of excess, of 
CO, or asphyxia, bv ordinary artificial respiration, or m the extreme 
case; with the administration of oxypn, it is almost impossible ^ revive 
the animals dying on account of the efiects of is ^so 

lowering of the temperature, which is tlie first 

administered along with the oxygen. The reason, a. resniratorv 

out, appears to be that during the rise of 

centre got itself tuned to work at a lower CO, tension ^ ^ 

it is accustomed to work at ordinary temperature Jw melsu?es to 
lower the temperature, but do not at the same tin e . . 

increase the CO, tension, the vital centres, chiefly the respiratory 
cardiac, fail to work at the lower CO» tension,* now .pyived 

ture is less. The animals were more quickly 
when along with the administration of oxygen, COj from 5 P 
was also added. Thought no human expenments . their ’vital 

it is suggested that the heat and sun-stroke patients, fixtures to 
centres may be failing, should be given oxygen and C a. 

19 
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breathe along with the measures that may be taken to lower their tempe- 
rature. 

The relationship that exists between the carbon dioxide and the in- 
creased temperature holds true also in the case of lowered temperatures, 
but, of course, of the reverse nature, that is, with the decrease in the 
temperature there is a gradual but hiarked decrease in the respi- 
rations and the beating of the heart ; although in these conditions 
it is found that CO2 tension has, in fact, increased to such an extent that 
at ordinary room temperature there would have been a tremendous 
increase in both the respiratory and the cardiac activities. This appears 
to be one of nature’s chief mechanisms, to conserve the heat of the 
body. 

Thus though apparently COj is such a great necessity that its pre- 
sence is absolutely necessary for the life of both animals and plants, 
It still at its best takes the second place when we compare it with a 
still bigger necessity, the maintenance and the regulation of the internal 
normal temperature, at least in the case of the later evolved warm-bloo<ied 
animals. As the protoplasm can work only within a certain limited range 
of temperature, the warm-blooded animals have evolved a mechinery to 
maintain and regulate that temperature in order that they may emanci- 
pate themselves from the vicissitudes of their environments. It is clear, 
-therefore, that body sacrifices a portion of its coveted ix)ssession, the 
carbon dioxide tension, in order that it may tide over an emergency, 
which would otherwise kill it. The necessity of the maintenance of a 
certain carbon dioxide tension has therefore taken a second place. 

Need of Constant vSuppi.y ok Oxygen 

Could there be a still bigger necessity which would throw in its 
turn the temperature in the background ? Yes, there is one at least and 
that is the necessity of a constant supply of oxygen. During the 
course of low' temperature experiments, when both the respiration and 
the circulation were at their lowest ebb I observed that if at that time 
some anoxic condition was produced, say by cutting off the oxygen 
supply, at once both the respiration and the circulation were flared up, 
so to .say. Evidently the regulation of the temperature has been thrown 
into the background in face of this still bigger necessity, the constant 
supply of oxygen. 

In nature these two conditions, that is, a ver>- low temperature and 
a very low tension of oxygen are simultaneously present over high 
mountains and high altitudes in aeroplane ascents. " It is suggest^ tlmt 
while measures are taken to combat the anoxic condition, the importance 
of temperature, and CO^ tension, should not be lost sight of. 

Significance of the ‘Vagus’ Nerve 

• While the necessity of CO2, temperature, and oxygen is realized in 
increasing importance for the life of the cells, organs, or individuals, it 
should not be lost sight of that the greatest fundamental necessity of life 
IS the alternate rest and activity. W^ith life the idea of movement and 
work, ^epen^ng on these two alternating phases of rest and activity, 
IS implied. This implication would be made clearer bv mv r^siinn& of 
the work done on the significance of the vagus nerve. 

Weber brokers (1845) first describe<l the action of the mgm nerve 
on the heart,. They showed that if their iieripheral ends were*atitunltted» 
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there was a marked slowing of the heart or the heart stopped beating 
altogether. This fact can even now be demonstrated. 

Experiments of this nature are responsible for passages like this, 
‘*The vagus exerts a continuous restraining action on the rate of the 
heart (tonic inhibitory action). This is proved by the acceleration which 
follows section of these nerves^ in most animals, or ‘ "paralysis’ ' of the 
nerve endings by atropine in man. The degree of vagal activity, or 
vagal tone -as it is called, is the chief factor controlling the rate of the 
human heart at rest. Stimulation of the peripheral end of the cut vagus 
proves that the nerve can depress every part of the cardiac mechanism.’* 
Before describing what I consider to be the action of the vagus nerve, it 
would be apt to quote a passage from Burridge’s book, ** Excitability, a 
Cardiac Sttidy”. “The vagus is compared with a rein to hbld the 
heart in check, and the sympathetic with a whip stimulating the heart 
to increased activity. In many animals, however, not excluding 
ourselves, it has been found that both these nerves exercise a tonic activity*, 
a condition of affairs making the whij>, and rein simile somewhat awkward. 
None, for example, would keep in his employment a coachman who was 
I^rpetually flogging his horses and yet always holding them in; nor is it 
likely that employment would be found by a chauffeur who always kept 
the brakes of the car i)artly on and compensated this through using a 
wider throttle. Yet, such arc the i>arallels to combined tonic activity of 
both vagus and sympathetic so long as you consider the one a depressor 
and the other a stimulant. Evidently there must be something wrong 
somewhere unless you are prepared to suggest that Nature is essentially 
a bad worker, a suggestion having such an inherent improbability that one 
begins to look round for some other explanation of the significance of 
double nerve supplies to organs”. 

It has been known for a long time that asphyxia and administration 
of CO3 caused a slowing of the heart (Verworn Jerusalem, Starling, Doi, 
Gilbert, Greene, Hopping, Schneider and Trusdell). McDowall has shown 
that in the course of the same asphyxia both acceleration and slowing 
occur, acceleration occuring first and slowing afterwards. Hill and Flack 
noted slowing of the heart during asphyxia and administration of CO3; as 
they simultaneously noted the fall in blood pressure, they attributed both 
of them to heart failure, Gollwilzcr-Meier found that during the 
admini,stration of CO2 the minute volume of the heart decreased. This he 
ex|>lained as due to a reflex from the lungs carried by the vagi to cardio- 
inhibitory-centre, causing slowing of the heart and thereby decreasing 


minute volume. 

During the course of uiy studies I found similar decrease in the cardiac 
output, but always towards the end of the day, that is to say, five or six 
hours after the animal came under anaesthesia or in other words in a stale 
‘heart. But, should that be the case with fresh and vigorous hearts? blow 
pulse rate is generally considered to be a sign of efficienc> . Henderson 
and co-workers have showed that athletes have got a slow pulse la e. 
McDowall has shown that anoxaemia causes, as an after-effect, 
in the excitability of the vagus centre. He has suggested that the si 
pulse in the athletes, which is the result of prolonged training Md 
exercise, results from the same cause, i.e.,. a 

during the exercise. He is of the opinion that the function of th g 
is related to the adai>tation o| the heart to the requirements ^ 

view of these observations it should come rather as a surp \ 
slowing of the heart, of course moderate, should by itself cause 
in its output. 
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My results have been according to the expectations. Both asphyxia 
and administration of COg after a stage of short acceleration cause a marked 
slowing of the heart and this slowing is associated with not only no 
decrease in minute volume, but, a definite increase, which may even be 
greater, and more often it is, than the increase noted during the acceleration 
which precedes it. If, how^ever, the experiment is continued, ultimately 
heart block is produced and the heart fails. These results have been 
obtained with the cardiometer. In the absence of cardiometer experimental 
which previous workers did not do, it is quite natural that the fall in blood 
pressure should be attributed to the fall in cardiac output, e.g., when on 
the blood pressure tracings we find a fall in blood pressure, associated at 
the same time with slowing of the heart, it is only obvious that the blame 
should fall on the heart producing decrease in the minute volume ; on the 
other hand, where there was no fall in blood i>ressure and still the slowing 
was noted it was assumed to be a case of balanced action between the 
vasomotor and cardio-inhibitory mechanism. In my experiments the fall 
was shovm to be due to a much greater decrease in peripheral resistance, 
as actuall}^ registered by a limb plethysmograph simultaneously with the 
heart cardiometer which registered an increase in the output. It is obvious 
that the slowing of the heart will increase the diastole and will give the 
heart more time to fill, dilate and conserve energy, which according to 
Satrling’s, 'law of the heart* will give a bigger stroke volume. Thus we 
have ajbalance between the slowing in the number of beats and the increase 
in the stroke volume. It is the stroke volume that generally predominates, 
provided, the heart is in good condition and is capable of accommodating 
the larger quantity of the blood following into it on account of the increased 
diastolic period. It is obvious, therefore, that the slowing of the heart is 
a protective mechanism for the conservation of the energy which may be 
utilised in times of emergency. 

After doing exi)eriments with intact vagi, it became necessary to study 
the effects of CO 2 and asphyxia on the liearts without vagi. In these 
hearts it was found that the preliminary acceleration noted in the normal 
hearts, as stated elsewhere, continued, but with rapid decrease in the 
amplitude of the individual beats, till there was no anqditudc at all, no 
output, and no blood pressure, and the animal was dead beyond recovery. 
For all these to happen no more time was required than was found 
necessary for the production of mild asphyxia in an animal with intact 
vagi, i.e., between one and two minutes. The result is like that of a 
snendthrift who has no income and squanders away down to the last pie 
and becomes a bankrupt. 

Without going into the details of the physico-chemical changes which, 
might be taking place and effecting the two conditions of the heart, i.e., 
the diastole and the systole, we should think of the one fundamental 
principle which is applicable to the whole body and to which the heart can- 
not be an exception. That principle is of rest and activity in its broadest 
sense or the restoration and the expenditure of energy. Our whole life is 
one play of these two alternate phenomena so intimately interwoven 
with each other that the one is absolutely dependent on the other. If, for 
the .present, Ave leave the voluntary activities out of consideration, all our 
involuntary activities are under the control of the autonomic nervous 
system, divisible into adrenergic and cholinergic nerve fibres. (I have 
purposely avoided using the terms sympathetic and parasympathetic, 
because they are adulterated with anatomical considerations). Even 
thoflgh the adrenergic and cholinergic activities of the body are in^xtri' 
cably mixed with each other, still it is possible in a very broad seme to 
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distinguish them apart from each other. Sleep and wakefulness, for 
example, may be considered to be the two biggest components of our life 
separately distinguishable from” each other, the former presided over by 
the cholinergic part of the autonomic nervous system and the other by 
its adrenergic component. The constriction of the pupil, the retraction 
of the eyeball, closing of th^ eyelids, slowing of the heart beat, undis- 
turbed continuance of the digestive activities, greater tendency for sweating 
(personal* observation), etc., and the actual production of sleep-like 
condition by the injection of acetyl-choline into the ventricles of the brain 
are incontrovertible evidences that sleep is the restful component of this 
rhythm of life. On the other hand, less constricted pupil, prominent and 
open eyes, less slow heart, more disturbances in digestive activities, ten- 
dency for lesser sweating under similar conditions and the tendency for 
all these states to get exaggerated during any activity and emergency 
or the simulation of these conditions by the injection of adrenaline not 
only point to the fact, that the wakefulness is the other ^ component ’ of 
this rhythm of life, but is also an indirect confirmation of the other. 
Vagus nerve of the heart belongs to the cholinergic group of fibres and 
therefore responsible for the restful conix)onent of this rhythm — here we 
can substitute the heart for the whole body. After oxygen, sleep is con- 
sidered to be the greatest necessity of life, so much so that it comes 
before water, in other words, life is an impossibility without sleep, and 
naturally enough because we cannot think of any rhythm without its two 
components. Therefore, if we say that vagus, one of the cholinergic 
nerves, or rather the chief cholinergic nerve of the body, presides over 
the diastole of the heart, we are on firmer ground if we say that it is the 
inhibitory nerve of the heart. 


Rhythm in Nature 


During the course of studies on the effects of carbon dioxide, etc., 
on cats, seasonal variations were incidently discovered, when the entire 
findings of the year were analysed and sorted out. The results were' 
confirmed when similar reactions appeared again in the course of the 
next year. 

It was found that the reactions vdiich required greater para-sympathetic 
activity were prominent in autumn and winter, while those which 
depended more on sympathetic activity were present in spring and summer. 
It is significant to note that autumn and winter on the one hand and 
spring and summer, on the other, are the months of general rest and 
activity respectively in the entire animal and vegetable kingdorn. This on 
the analogy of the alternating phenomenon of rest and activity in the heart 
and similar alternating phenomenon of wakefulness and sleep in the whole 
individual may be termed as rhythm in nature. This conception finds 
confirmation in the fact that these alternating phenomena of rest and 
activity, in all these three instances, are seemingly dependent on the same 
parasympathetic and sympathetic activity respectively. ^ 

The human beings, at least as far as the haemoglobin is concerned, 
also come in the same scheme of nature^s yearly rhythm, because seasonal 
variations of a similar order have been discovered in their haemoglooin 


contents. , i « 4.. 

At one time it was the practice in the Lucknow Medical College to 
get the students to do the haemoglobin experiments during the months ot 
August and September. In these months the students usually dm me 
experimental work on frogs, as they do even now, and the^ 
experiments were put in during the same time* in order that the stuaen 
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may not miss any practical class when frogs perchance were not available. 
It was noted year after year that the students in general got the lower 
figures for tlieir haemoglobin than \yhat was supposed to be normal. 
Their results were checked and found correct and it was concluded at 
that time that Indians, generally, though apparently healthy, had a lower 
standard of haemoglobin. After some tim^ it was thought that possibly 
there might be seasonal variations in the haemoglobin and soon after, 9n 
the basis of the studies continued during the winter, it was discovered 
that there is a regular rise and fall in the percentage of haemoglobin in 
Indies, and that the curve runs parallel with the curve of the outside 
temperatures but in the opposite direction. Later on more extensive and 
more regular studies were undertaken when haemoglobin percentages were 
studied in the same individuals almost daily throughout the year. It was 
then discovered that there is another peak which may be termed as the 
’spring rise of haemoglobin' in March, April, and May. It could then 
h€ concluded that there were genuine seasonal variations in the haemoglobin 
and that the curve did not slavishly follow outside temperature as had been 
concluded a few months previously. Our puri>ose just now is not to 
discover an explanation for the sirring rise of haemoglobin as to point out 
that human beings, at least in this respect, are in harmony with the 
entire living nature of both the plants and the animals, i.e., this rise of 
haemoglobin is in conformity with the generalised activity found in the 
rest of nature. 


CoNa.usjON 

I have described briefly some of the fundamental necessities, which 
must be satisfied before the Viody can work and maintain a certain standard 
of physiological activity. One of these ])reliminaries appears to be the 
very substance which, is being formed as a necessary outcome of their 
being alive. This carbon dioxide, sets the machinery going in advance as 
a preparation, so to sa,v, for obtaining the primary necessity of life, viz., 
oxygen. Although all living cells must need this deliverer of oxygen, 
its hecessity should be felt more by those that are more active, because 
more they produce it more is the necessity that it should be got rid of, and 
that in the process proportionately increased amount of oxygen be supplied 
in. How admirably this is done locally, by the dissociation of oxygen, 
is so well known. The machinery of the body on which the i»riniary duty 
of its expulsion falls should, for similar reasons, V)e still more sensitive 
in a manner, that uhile it may be expelled, oxygen may l;>e taken in. 
That respiratory system takes this duty upon itself, and hou' efficiently 
it perforins it, we know it for truth. If the heart, without which the 
entire respiratory machinery would be ineffective, did not resiwnd in a 
similar manner, it would have rather come as a surprise. 

This stimulus, present both in and about every cell in the body, 
does not just stimulate a machinery for its own expulsion and the 
simultaneous entry of oxygen ; it does many more acts of equal or rather 
mqre fundamental importance. This is done l)y carbon dioxide by playing 
the main role of maintaining and regulating the H-ion concentration of 
the blood and other fluids and indircctl) ministering to the digestive 
needs of the bod}". 

However, so important otherwise, carbon dioxide does not tenaciously 
hold to its position in the body in the face of a bigger necessity, the 
regijiation of the temperature %vhen it increases ; or, on the contrary, it 
can hold on still more tenaciously when it falls, in order that more heat 
may be lost or retained* through the opposite tendency of the increase 
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and the decrease in respiration tespectively. Regulation of temperature 
therefore, is a bigger necessity and must take precedence. 

When, however, a still bigger necessity, the need of a constant supply 
of the necessary amount of oxygen inakes its appearance, regulation of 
temperature also is thrown into the background, i.e., when the temperature 
is decreased the tendency for the slowing of both respiration and 
circulation is nullified in the presence of a lowered tension of oxygen. On 
the other hand, when temperature is raised in the presence of an anoxic 
condition the increased rate of respiration serves both for temperature and 
ojcygen. 

The more primary necessity of the life, however, is the alternate period 
of rest and activity. The vagus nerve of the heart on this conception is 
considered not as the inhibitory nerve, but as the nerve which controls 
and regulates the restful component of the rhythm of the heart and restores 
the energy lost during contraction. 

Speaking for the Ixjdy as a whole there a daily rhythm consisting 
of sleep and v^*akefulness and a yearly rhythm of alternating periods of 
comparative rest and activity, both apparently under the guidance of the 
cholinergic and adrenergic parts of the automatic nervous system. While 
the daily rhythm is so obvious, human beings seem to pulsate also with 
the yearly rhythm so manifest in the rest of nature, as evidenced in 
the increase of their circulating haemoglobin in the season of universal 
activity, the si>ring. 
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SECTION OF PSYCHOLOGY AND 
EDUCATIONAL SCIENCE 

President .—John vSargent, C.I.E. 

THE PRACTICAL ASPECT OF EDUCATIONAL RECONSTRUCTION 

(Delivered on Jan. 5, 1944) 


1 . Is it necessary for the future welfare of (a) India herself (b) the 
British Conimonwealth of Nations (if India remains a member of it) and 
(cj the World at large, that India should be provided with national 
system of education and the other social services, which are enjoyed by the 
so-called civilised countries? 

An apology may be needed for beginning this paper with a question 
which nowadays in any other connection than India would almost certainly 
be regarded as one to which tliere could be only one possible answer. 

Anyone, however, who knows anything about the present iltate of 
l^ducation, to say nothing of the other social services, in this country will 
realise that the question is anything but a rhetorical one. Consequently, 
there would seem to be no alternative but to treat it seriously and to try 
to give reasons why the early developunent of an adequate system of social 
security is as necessarv for India as it is for any other country. What is 
there about India which makes it undesirable or unnecessary or imprac- 
ticable that she should set her feet on the path which not merely Western 
nations but Russia and Turkey and China have deliberately decided to 
follow ? 

2 . I am, however, by no means anxious that it should be taken for 
granted that the diffusion of Education on the widest possible basis will 
automatically guarantee the establishment and maintenance of universal 
l)eace and lirosiierity. The cause of real education has not been helped 
by the tendency of woolly-minded idiilanthropists to assume that education 
with a big E is necessarily a good thing. The totalitarian countries have 
given us a timely reminder that education can be made as powerful a 
means of corrupting as of improving the mentality of a nation. Then, 
again, we do not need to search our acquaintance, or even ourselves, to 
find proof of the saying that a little learning is a dangerous thing. Nor 
can it be claimed that education always brings happiness; m fact it may 
well be that its real object is to create that divine discontent which is the 
most effective stimulus to individual and national regeneration. But at 
the same time it has always been and presumably always will be a primary 
instinct of human nature to want to know about things, both to satisfy its 
innate curiosity and to ensure the preservation of the race by enablii^ it 
to assert coitfrol over its environment. As life grows more complicated, it 
is beyond the power of unaided personal , experience either to satisfy 
curiosity or to acquire the requisite control and it is the function or 
education to pass on accumulated human knowledge in these and other 
respects as well aS to encourage further enquiry. With all 

noble savage and with a full realisation of the imperfect way 

ao 
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in which education has so far fulfilled the function referred to above, it 
remains true or at least arguable that through education men and women 
can be equipped to live fuller, happier and generally better lives than 
they could possibly do without it. So at any rate those think who have 
tried it, for is there any free nation which h^s once been given a public 
system of education, however imperfect it may be and whatever the 
opposition to it in the beginning, that would now submit to be deprived 
of it ? If this is true, what justification can there be for denying* to 
Indians of all ixjoples in the world the satisfaction of a need of which all 
other nations are becoming increasingly conscious ? Moreover, even if wc 
can reject the issues so far raised as mere academic abstractions, wc still 
have to remember that we, the Allied Nations, have pledged ourselves to 
the ideal of democracy. Democracy^ like education, is not ipso jacio n 
good thing. Plato from his experience had a poor opinion of it and W'e 
know from our own experience that you do not make a man a good citizen 
simply by conferring a vote on him. It is the sort of democracy, just as 
it is the sort of education, which matters. But when all is said, it is 
democracy' above all other known forms of human association which 
embodies the ideal of all for all instead of each for himself and holds out 
the hope, however remote, of a society in which the many, as distinct 
from the few, can live the full life. That 1 supiH)se is why mo.st of us 
believe in the idea, however much we may distrust current manifestations 
of it, and why wc see in such instruments as education the means of 
raising •standards to a level which will at last make government of the, 
people by the people for the people a practical proposition. 

Meanwhile we have reason to be grateful to the Nazis and Fascists 
for giving us some hope that through education this ideal is not an un- 
realisable one. They have shown us what public instruction consistently 
applied or misapplied can achieve Cotrupiio optimi pessima ; the very 
success of the Nazis encourages us to believ^e that the right tyjie of 
education, if we can only discover it, is the most potent weat>on in our 
armoury for the betterment of the condition of mankind. There is a 
further and still more practical consideration. If a little learning in the 
individual is a dangerous thing, a little learning in a nation is not less 
dangerous. In fact it becomes cumulatively more so, since it is axiomatic 
that the intelligence of a mob is below the average intelligence of the 
people who comix)se it. An India, 85 per cent of whose i>opulation are 
illiterate and liable, as we have seen more than once in recent years, to be 
stampeded by political or religious excitement, however irrational, cons- 
titutes a field for mischief-makers, the indefinite continuance of which 
world opinion in search of a more stable future can hardly be exi>ected 
to tolerate. Is it unreasonable to anticipate that whatever may satisfy 
Government or big business or all the other vested interests whose vision 
is either oblique or retrospective, the logic of any IK)st-^var settlement will 
demand a drastic change in the present state of things ? 

3 . What then is the nature of the changes that are called for and 
what is the minimum programme of development which will place India 
on an approximate educational level with other countries? Without 
entering into unnecessary detail I will try to state the essential require- 
ments briefljr: — 

(/) Universal, conipulsory and free education for all boys and girl* 
from the age of 5 or 6 until 14, in order to ensure literacy and the minimam 
preparation for citizenship. 

(2) A reasonable provision of education before the compulsory 
for school attendance in the form of nursery schools and classes* Thh 
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important mainly in the interest of health, particularly in areas where 
housing conditions are unsatisfactory. 

is) Secondary or high school education for those children who show 
the capacity for benefiting by it. ' Probably to satisfy this requirement 
provision should be made ultimately in high schools of various typesr for 
not less than 20 per cent of the boys and girls in each age-group. Variety 
both in types of school and in the curricula of individual schools is 
essential to suit the varying tastes and aptitudes of the individual pupils 
on the one hand and the requirements of their future occupations on the 
other. In addition, so that no boy or girl of outstanding ability may be 
debarred by poverty from further education, liberal financial assistance 
in the form of free places, scholarships and stipends must be forthcoming. 

{4) University education,* including post-graduate and research faci- 
lities for picked students. It is difficult to fix a quantitative standard here 
but probably when a High School system as contemplated above h^s been 
fully established, about one pupil in every 15 . should be found fit to 
proceed to a University. 

(5) Technical, commercial and art education. The amount, t57pe and 
location of this will necessarily be determined to a large extent by the 
requirements of industry and commerce. 

(6) Adult education, both vocational and non -vocational of all kinds 
and standards, to meet the needs of those who were denied adequate 
opportunities in their earlier years or recognise the importance of Supple- 
menting what they then received. 

(7) Arrangements for training the vast army of teachers which a 
system of this kind will require. 

(S) An efficient school medical service, wdiich will see that children 
are made healthy and kept healthy. This means treatment as well as 
inspection and the provision of proper nourishment in necessitious cases. 
It is a waste of time and money to try to teach a child who is underfed 
or conscious in other ways of serious physical discomfort. Health also 
postulates the provision of hygienic buildings in suitable surroundings, 
^the right kind of furniture and equipment and ample facilities for physical 
training and games. 

ig) Special schools for children suffering from mental or physical 
handicaps. 

(10) Recreational facilities of all kinds, to satisfy the craving for 
corporate activity and to counteract the drabness of the conditions in 
which so large a part of the Indian people otherwise spend their lives. 

(ij) Employment Bureaux, to guide school and college leavers into 
profitable employment and so far as possible to adjust the output of the 
schools to the capacity of the the labour market. 

{12) An administrative system which will place initiative and autho- 
rity in the hands of those who understand and care about education^ 

4 . These requirements can hardly be described extravagant,. 
They were all covered by the British system of Education as it exis^ 
before the war, while in many parts of the United States of America and 
in some European countries a still more liberal provision of public instruc- 
tion was available. Plans are already in preparation , for substantial 
additions to the British system after the war. Let us therefore consider, 
also as briefly as possible, how far the Indian system, as it existe today, 
falls short of these desiderata and whether it is practicable to build upon 
it a national system on the lines which have been already outlined. 
take the requirements in the order in which I have set them out. 
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(i) Education at the Primary and Middle stages , — ^In England before 
the war all children were required to attend school for a minimutn period 
of nine years, i,e., from the age of 5 to the age of 14. In many States 
of the U, S, A. and in some European countries the period of compul- 
sory attendance exceeded this by i or 2 years, and from pronouncements 
which Jiave already been made, it appears very likely that in post-war 
England -^the leaving age will be extended to 15, if not to 16, probably 
with codipulsory part-time education for another two years. In India 
compulsion exists in only a very limited number of areas, usually towns, 
and then it only covers the primary stage, i.e., up to the end of Class V 
or approximately the age of ii. Even in the majority of these cases 
compulsion is admittedly a failure, partly because there is no organised 
system of attendance officers to see that children attend school and partly 
because the Courts have been reluctant to enforce the law. 

As things stand, the latest figures available (Riblic Health Commis- 
sioner’s report, 1940) indicate that in British India there are 6,27,78,000 
children between the ages of 5 and 14. In 1936-37 (nth Quinquennial 
Review) there were 1,19,85,986 pupils on the registers of some school or 
Other. This, however, gives a very misleading picture of the actual 
position. Of these children 51,88,601 were in Class I, 23,55,418 in Class II, 
17,22,292 in Class III, 12,14,504 in Class IV, and 7,03,628 in Class V. 
Figures for previous years record a similar falling off. This means that 
less than i out of every four children stayed long enough at school 
fo reach the earliest stage, viz., Class IV, at which permanent literacy is 
likely to be attained. The result is that the money spent on the others 
(nearly 80%) may be regarded as almost entirely wasted. 

Apart, however, from the factor of wastage, which could, of 
course, be removed if an effective compulsory system were introduced, 
there is a still more serious matter which militates against the efficiency 
of the instruction. In any country and in any circumstances the 
standard of a school is determined by the standard of the teaching. 
There have always been in India, as elsewhere — and it may be 
hoped there always will be —a number of people who enter the 
teaching j^rofession because they like teaching or because they regard, 
it in the light of a vocation, but such people unfortunately will never 
constitute more than a very tiny part of the vast army of teachers 
which a national system requires. The remainder will have to be 
attracted into the profession by reasonable prospects and conditions of 
service. Since the average pay pi a primary teacher in Government 
schools in India is about Rs. 27 per mensem, and in private schools is 
actually* much lower — in one of the largest provinces the average is below 
Rs. 10 per mensem — it can hardly be said that the teaching .service in 
India is likely to attract the sort of people who ought to be in charge 
of the nation’s most valuable asset, viz., its cliildren, during its most 
malleable stage. In Great Britain the scales of salaries of ordinary 
assistant teachers in primary schools range from £150 to £408 per annum. 

• Between the ages of ii and 14, there were 5»94,o45 children in British 
India in 1936-37 in middle schools including the middle departments of 
high schools (nth Quinquennial Review). In 1940 the available school 
population in this age group was i,*95>49,ooo (Public Health Commis- 
sioner’s report, 1940). Here also the conditions in regard to buildings 
and salaries, though superior to those in primary schools, fall hopelessly 
short of normal modern standards elsewhere. It has to be remembered 
that under a compulsory# system 80 per cent of the future citizens of the 
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country will finish their full time education at the end of the middle 
stage. 

The present position cannot be excused on the ground that no guid- 
ance is available as to the ways and means of doing something better. In 
i93S“39> the Central Advisory Board of Education appointed two com- 
i^ittees, who prepared schetfies for the introduction of a nation-wide 
system erf basic education, i,e., education through craft or activity, 
covering the years 6-14. Five provinces have begun to introduce basic 
education on the general lines recommended by the Board but it is still 
very far from being either universal or compulsory in any of their areas 
and so long as education is financed on the present basis, there is no 
prospect of its becoming so. 

So far as teachers are ebneerned, the Central Advisory Board also set 
up a committee in 1942 to consider the whole question of their recruit- 
ment, training and conditions of service, including scales of salary ior 
teachers in all grades of schools up to the end of the high school stage. 
This report, about the recommendations of which I shall have more to 
say later, was unanimously adopted at the last meeting of the Central 
Advisory Board of Education in January, i943> at which every province 
was represented. A significant recommendation, both of this Committee 
and of the Committee on Basic Education, implied a recognition of the 
fact that to encourage and indeed to enable Provincial Governments to. 
give effect to the reports, substantial financial assistance from the Central 
Government would be necessary. 

(2) Pre-Primary Education , — As stated above, the minimum age for 
the basic system of education has been fixed at 6 years. Many people, 
including myself, regard this as too late an age for the great majority, of 
children to start their schooling, particularly from the physical point 
of vie\\% because experience has shown that many defects, w^hich ought 
to be remedied quickly, reveal themselves before this age. If 6 is retained 
as the minimum age for compulsion, it seems necessary, particularly in 
town areas u'here housing conditions are unsatisfactory, that basic educa- 
tion should be supplemented by a generous i)rovision of nursery and 
infants* schools and classes for children below the minimum age for 
compulsory attendance. Partly owing to expense and partly owing to 
the dearth of trained w-omen teachers, who alone should be in charge of 
children at this tender age, provision of this kind is practically non- 
existent in India today. 

(3) High School Education.— H qtq the disparity between what is 
and what ought to be is not so apparent, at any rate at first sight, as it 
is in the lower stages of education. In British India there are rather less 
than 4% lakhs of pupils in Classes IX, X and XI of high schools of 
various kinds. To these must be added a number of pupils in Classes 
VI — VIII w^hich fonn part of High Schools ; the number of these is not 
knowui but may be assumed to be betw^een 5 and sH lakhs. On investi- 
gation, however, it will be found that there is practically no selection, 
admission being determined by ability to pay fees rather than intellectual 
promise, and there is still less variety. The curriculum in the*^eat 
majority of cases is stereotyped by the requirements of university matri- 
culation and offers hardly any facilities specially designed for those pupils 
who will not proceed to a university in any case and wall probably seek 
employment in industrial or commercial occupations. Very little is done 
to cater for any interests outside specific examination requirements, to 
encour^e corporate activities or to inculcate a sense of loyalty and 
responsibility. Free places, scholarships • and stipews to provide 
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opportunities for poor children of outstanding ability are inadequate both 
in quantity and in amount, 

(4) University Education . — Here the facilities available are by no 
means adequate to satisfy the needs of a literate India, On the assump* 
tion that one pupil in every fifteen leaving a High School should proceed 
to a University, about 2^2 lakhs of places w-ill be required under a national 
system ; this is about double the number of students now in Indian 
Universities, if those in the ist year of the Intermediate Course 
are excluded. As things are, however, the existing provision is probably 
larger than the lower stages can supply with properly trained recruits. 
It is significant that in India today the proportion of university students 
to pupils in High Schools is 1 to 7 whereas in Great Britain it is only 
about I to 10. I do not proiK)se to rei>eat the criticism of Indian Univer- 
sities which are often made, sometimes by |>eople who do not appreciate 
the diflSculties, financial and otherwise, under which they are working 
nor do I wish to overlook their many admirable features. At the same 
time it would appear to be true that Indian Universities do not make 
any serious attempt to relate their output to the needs of the community, 
that their examination system does not encourage original thinking and real 
scholarship and that their general organisation does not secure that close 
personal contact between students and teachers from which the greatest 
benefits of University life are usually derived. The conception of a 
University as an Alma Mater in the literal, sense of the words, to whom 
affection and loyalty are owed, is limited to comparatively few. 

(5) Technical , Commercial and Art Education . — The provision in 
this respect has been hitherto restricted partly by the limited number 
of openings in industrv' and commerce and still more by the fact that it 
has been the jiractice to fill many of the better openings that arc avail- 
able by imported technicians. It is reascmable to expect that a consi- 
derable development in this branch of education will be called for in the 
]K)st-war i>eriod. It has already l)een given an impulse in the right 
direction by the war training schemes which are now’ in operation. The 
Central Advisory Board of Education at its last meeting set up a Com- 
mitee to examine this subject, 

(6) Adult Education . — At least 85 f>cr cent of the |>oimlation of 
India is illiterate. No further comment would appear to be needed. It 
is clear that if the problem of illiteracy is to be dealt with as efficiently 
and quickly as ap{>cars to have been the case in Russia, it will have to 
be attacked at both ends, i.e., by the establishment of universal, com- 
p^ulsory and free primary education and by the provision at the same 
time of abundant facilities for those whose education was neglected in 
their earlier years. Some of the i>opular Governments immediately before 
the war initiated mass literacy campaigns. Much enthusiasm was gene- 
rated in some areas and good work was undoubtedly done but the 
astronomical statistics which have been published in regard to these 
movements need to be treated with the utmost reserve. Literacy cam- 
paigns must be very carefully planned from the jioint of view of following 
up and con^lidation, if permanently useful results are to be achieved. 
How this might be done has already been set out in a report by a 
Committee which w^as set up by the Central Advisory Board in 1939. 

(7) Training of Teachers — 42 per cent of the existing teachers are 
untrained. As the Centrsil Advisory Board have recognised, every teacher 
ought^to be trained. Adequate arrangements for training and keying 
np-to-date the number of teachers required are an essential prdimiMry 
to the introduction of a national systm. 
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(8) School Medical Service . — Sporadic attempts have been made from 
time to time in different parts of India to provide the nucleus of such 
a service. This has usually confined itself for reasons of expense to 
inspection only. The main result has been the collection of statistics. 
It is hardly necessary to point out that inspection without treatment is 
of little value, particularly i^ a country where the great majority of 
parents are unwilling or unable to act on any medical advice they may 
receive. ‘Courageous attempts have also been made to supply nourish- 
ment for the children most in need of it. But again owing to lack of 
funds these attempts have been on far too small a scale to do more than 
touch the fringe of a problem which is extremely serious when the homes 
from which so many children come are close to the starvation line. What 
is still more depressing is t]ie fact that the School Medical Service has 
usually been one of the first victims of the economy axe. In one 
Province, for instancCi such a service has been initiated three times only 
to be discontinued as often on the plea of economy. 

The less said the better, at any rate in the lower stages of Indian 
education about the buildings, equipment and other facilities such as 
playgrounds and jdaying fields, which are usually regarded as essential 
to any proper school in western countries. It should, however, be pointed 
out that here also the continuance of the present state of things is not 
due to lack of expert guidance as to ways and means of improving the 
situation. In 1Q41 a joint comtnittee w^as set up representing the* Central 
Advisory Board of Education on the one hand and the Central Advisory 
Board of Health on the other to consider generally the question of the 
physical welfare of school children. This Committee’s report, which w^as 
adopted by both the parent bodies, sets out in detail a comprehensive 
plan for dealing with this vital problem, but so far as is knowm, neither 
the Central Government nor the Provincial Governments have yet found 
it possible to take any steps to implement the recommendations of the 
Committee. With regard to the question of school buildings, a special 
committee w^as also set up at the same time by the Central Advisory 
Board of Education to consider this matter. The committee produced a 
comprehensive report wdiich was adopted by the Board. This report 
specifies in detail the minimum requirements in regard to sites, buildings, 
equipment, etc. for schools of all types and contains various recommen- 
dations for taking fuller advantage of the Indian climate and other local 
conditions in order to minimise the cost of school construction. There 
has been a considerable demand from all over India for copies of the 
report but it is not knowm how far the responsible authorities have been 
able to adopt its recommendations either in building new’ schools or in 
according recognition to existing schools. 

• ( 9 ) Special Schools . — Although no accurate statistics are available, 

there can be little doubt that owing to under-nourishment, neglect, un- 
satisfactory living conditions and other causes the number of children 
suffering from physical and mental defects is unusually high. Very little 
has been done for them, the responsible authorities arguing that their 
exiguous resources can be more profitably spent on educating normal 
children. 

(lo) Recreational Facilities . — Scouting and similar organisations 
flourish in many areas, but they are not co-ordinated as purely educa- 
tion4l influences which satisfy the natural desire for corporate activity 
of most young people. Very few Boys' or Girls' Clubs exist in trfban 
areas. The need for a Youth Movement on an All-India scale is obviolis. 
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(11) Employment Bureaux , — ^These are practically noa-existent ; in 
fact of all the criticisms that can be brought against the Indian system 
of Education today, probably the most serious is that it makes no attempt 
whatever to market the articles which it produces. So far as I have been 
able to discover, only in the rarest instances is any attempt made by the 
school authorities to advise parents as to the occupations for which their 
children are suited, to afford information ‘ as to the openings available 
in the area or to restrict the intake into any particular institution br 
course of study where it is clear that the labour market is incapable of 
absorbing the output. 

(12) Administration . — Almost every provincial report I have ever 
read has called attention to the inefficiency of many of the local bodies to 
which responsibility for the lower stages of education has generally been 
delegated. It is indeed incredible that when it was decided to encourage 
Local Government in this country, it should have been thought desirable 
to‘ hand over education of all subjects to the mercy of bodies themselves 
only too often either uneducated or uninterested in education or both. 

Some reports have also called attention recently to the rapid deterio- 
ration of the educational administrative service. This may be partly due 
to the dying out of the Indian Educational Service but the main cause 
is the deliberate depression of the status and remuneration of educational 
administrative officers in comparison with other Services. This problem 
also was considered by a Committee of the Central Advisory Board in 
1943 and the necessary steps have been suggested for retrieving the 
position. 

It should also be emiihasised at this ]>oint that if a national system 
is to be introduced within a reasonable period, it will have to be not merely 
subsidised but also stimulated and co-ordinated from the Centre. This 
means a strong education department in the Central Government. 

It will be apparent from the foregoing that the present Indian system 
of Education, when considered either on its merits or in comparison with 
systems in other countries, is deficient in almost every branch, and that 
if any real progress is to be made, a large part of what exists today will 
have to be scrapped. It is true, of course, that there are good schools 
up and down this couiitr}' and that in some univ^ersities, particularly in 
the science faculties, work of first-class standard is being done. There 
are also a number of research institutions which will bear comparison 
with any that can be found elsewhere. Obviously every attempt should 
be made to preserve these and fit them into any new system. Every 
expert who has examined the Indian system of education over the last 
50 years or more has called attention to many defects, some of which 
I have enumerated. There has been universal agreement that the system 
apart from its general inadequacy is unco-ordinated and out-of-date. The 
main objective hitherto has been cheapness, and this has [jroduced many* 
of the results which are proverbially associated with cheapness. Because 
no plan has been followed, such development as lias taken place has been 
haphazard. 

• 5 . What would it cost to bring Indian education up to approximately 
the same level as existed in other countries just before the war? 

Expenditure in England and Wales* on Education from public funds 
in the year before the war {i93S-39) amounted to £102,000,000 or roughly 
Rs. 33/2/- per head of the population (total population and not se|iool 

•‘Scotland has a separate educational budget and so has Northern Ireland* In 
1938^ Scotland spent ;£15,000,000 on education or Rs. 41-6-0 per head of popnlatlon. 
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population). In the same year expenditure on education from public 
funds in British India (I have no reliable figures for the States) amounted 
to Rs. 16,43,76,903 or Rs. 0/8/9 per head of the population. But 
standards of living vary and may be expected to continue to vary greatly 
between India and Great Britain and there is no need to adopt a foreign 
basis, which may not be relevant to Indian conditions, for estimating 
what a national system of education for India would be likely to cost. 
Local data are now available on which a sufficiently accurate estimate can 
be ba^d. In all forms of education the salaries of teachers are the factors 
that largely determine educational costs. In primary schools they may 
be taken as accounting for roughly 70 per cent, of the total expenditure, 
the balance being distributed very approximately as follows : — 

* 

Per cent. 

Loan charges on buildings and grounds ... ... 5 

Special Services, including School Medical Service, 

provision of meals, special schools, etc. ... 10 

Administration ... ... ... ... 5 

Other expenditure, including books, stationery, appa- 
ratus, maintenance and repairs of buildings, etc. 10 

At the post-primary stages of education, these percentages are liable 
to a good deal of variation in different branches of education aftd even 
in different institutions but for the purpose of a rough estimate the factor 
of 70 per cent, for teachers* salaries may be retained. As already stated, 
the Central Advisory Board of PIducation have recently adopted scales of 
salaries for all types of school below the university stage. The following 
are the scales for assistant teachers : — 


ScAi^E for assista n t Tcachkrs. / Remarks. 

A. Primary Schools {including Infants and Nursery Schools). 


Rs. 30-1-35-3 (biennially) — 50 
per mensem. 


T. vSame scale for men and women. 

2. Teachers of village schools should 
have free houses : Where this is 
not possible 10 per cent, should be 
added to their salaries. 

This scale, which has been 
framed for what may be described 
as normal rural areas may be in- 
creased up to 50 per cent’, to nieet 
the needs of areas where the cost 
of living or other factors ne- 
cessitate a more generous scale. 


B. Vernacular Middle or Senior Basic Schools {and for Anglo- Vernacular 
Schools and non-graduate teachers in the Middle classes of High 
Schools). 

Rs. 40-2-80 per mensem ... I Bame provisos as in the case of ft-i- 

I mary teachers. 


C. Graduate Teachers in High Schools. 

Rs. 70-5-150 per mensem ... Same: provisos as set out hbove. 

ai 



Cost of a universi/d system of Primary and middle education and a 'selective system of 'higher education for one-fifth of 
• each age-group. 
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Whether these are extravagant figures or whether lower scales would 
be likely to attract the right sort of teachers are questions which I will 
leave to be answered by people who knpw more about Indian conditions 
than I do. 

Assuming, however, that Rs. 30 per month is not an excessive starting 
salary for the men and women, to whom the training of the bulk of the 
rising generation will be entrusted, the next factor we have to determine 
for the purpose of our estimate is the ratio of teachers to pupils, as this 
will give us the number of teachers required. I Hope that if for the 
purpose of my estimate I allow i teacher to every 30 children in Primary 
Schools, I to every 25 in Middle Schools and i to every 20 in High 
Schools, I shall not be accused of being over-generous in regard to 
staffing. Adopting these rqtios and using average salaries for the 
teachers based on the scales already set out, we can arrive at an approxi- 
mate estimate of the cost of providing for British India a universal 
system of primary and middle education and a selective system of higher 
education for one-fifth of each age group. 

The sum of Rs. 279,59 lakhs represents the gross annual cost of what 
may be called the main block of the proposed educational structure. 
Reference back to the list of requirements for a national system will show 
that the top storey has still to be added together with certain essential 
wings and outbuildings and a highly desirable basement. A very approxi- 
mate estimate of the gross cost of these necessary additions is •set out 
below : — 

(a) Pre-primary Education. — Rs. 3,18 lakhs. If the same proportion 
of children in India attended school voluntarily before the minimum com- 
pulsory age as in England, the number between the ages of 3 and 6 would 
be 35,00,000 ; 10,00,000 have been taken for the estimate and the cost 
per head has been taken as the same as that for Primary Schools 
(Rs. 31*84 p.a.) though it will probably work out somewhat higher in 
practice. 

(b) University Education. — Rs. 9,60 lakhs. In accordance with the 
reorganisation of the stages of education approved by the C.A.B. in 1935* 
and adopted for the purpose of this paper, the normal university course in 
future will cover 3 3^ears. This means that the first year of the present 
Intermediate course will be transferred to the High School and the second 
year will become the first year of the degree course. The estimate pro- 
vides for 2,40,000 students at a cost per head of Rs. 400 per student 
(excluding maintenance). This is approximately 33^!^ per cent, above the 
present average cost and makes provision for certain essential improve- 
ments in lecturers’ salaries, reductions in the size of classes, more tutorial 
work, etc. 

(c) Technical, Commercial and Art Education. — Rs. 10,00 lakhs. 

* It is impossible to forecast the future demand for this form of education, 

as it wjll largely depend on the nature and extent of industrial develop- 
ment. For the purpose of this estimate it has been assumed that apart 
from pupils in Technical High Schools, who have been provided for 
under the general heading of High Schools, about i lakh or nearly 4^ per 
cent, of the boy pupils leaving Middle Schools will continue their 
education, either full-time or part-time, for a period of 2 years in Junior 
Technical, Trade or Industrial Schools' with a view to becoming skilled 
artisans. This means the equivalent of 2 lakhs of places at Rs. 150 per 
head. It has also been assumed that at the end of the High, School 
stage, in addition to the pupils who enter the technological depaftments 
of universities, 25,000 leavers each year (which is about 4 per cent ♦ 
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the boy leavers) will enter Technical, Commercial and Art Institutions 
for courses, full-time or part-time, covering three years. These students 
will be prepared for positions in industry superior to that of the skilled 
artisan. This means the equivalent of 75,000 places at Rs. 500 per head. 
Provision has also to be made for a large number of part-time students, 
both day and evening. 

(d) Adult Education, — Rs. 3,00 lakhs. Here again, since attendance 
will be voluntary, it is impossible to forecast how many students will be 
forthcoming. In the beginning the main objective will be the elimination 
of illiteracy. As this objective is progressively achieved the character 
of adult education will change ; the number of students will probably 
decrease but the standard of work will be higher and correspondingly 
more expensive. According to the most recent figures there are in 
British India 14,86 lakh persons between the ages of 10 and 40, of whom 
nearly 12,70 lakhs are illiterate. If illiteracy is to be removed in a 
period of 25 years, by which time a universal and coippulsory system 
of Primary and Middle education should have reduced* it to negligible 
dimensions, it will be necessary to deal with 67 lakhs of persons a year. 
On the basis of 25 students per teacher and an average payment i>er 
teacher per session (roo hours) of Re. i per hour with an additional 
15 per cent, for other expenditure the average annual cost will amount 
to the figure given above. Since it is reasonable to count on the services 
of a nifmber of voluntary teachers, this figure will leave a margin for 
adult education other than that primarily concerned with the removal 
of illiteracy. 

(e) Training of Teachers, — Rs. 6,23 lakhs. This is the average 
annual expenditure. Since Matriculation or its equivalent has been 
prescribed as the minimum educational qualification for teachers, it will 
not be possible to increase substantially the supply of trained teachers 
until the output of the new High Schools becomes available. A c^arcful 
calculation, based admittedly on certain assumptions, suggests that it 
will take 35 to 40 years to produce the vast army of additional teachers 
which a national system will require. In Training Schools the annual 
cost per place may be taken at Rs. 450 (Tuition Rs. 200, Maintenance 
Rs. 250) ; in Training Colleges Rs. 400 (Tuition only ; students may be 
exi>ected as a rule to pay for their own maintenance). 

(f) Youth Movement. — Rs. 1,00 lakhs. This is a purely hypothetical 
figure. 

(g) Employment Bureaux. — Rs. 66 lakhs. The estimate provides for 
dealing annually with 52 lakhs of Middle School leavers and 14 lakhs of 
High School leavers at Re. i per head. 

All the major requirements of a national system as set out in section 
3 of this paper have now been dealt with except (8) School Medical 
Service, (9) vSpecial Schools and (12) Administration. These, however,* 
have been covered by the provision made for 'other expenditure' so far 
as the main block is concerned and under cost per head where necessary 
elsewhere. 

•Nothing has been said so far about the heavy capital expenditure 
which the carrying out of a programme of this magnitude will involve. 
It has been taken for granted— in fact it is a sine qua non^that any 
non-recurring expenditure, other than minor items, will in future be met 
from loan as in Great Britain. Provision has been made for the interest 
and sinking fund charges in this connection. 

The gross annual cost of our national system has now rts^ to just 
over Rs. 313 crores for fyitisb India . alone ; adding ^ 
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the Indian States we arrive at a total of Rs. 417 crores for the whole 
of India. 

6 . It now remains to consider what amount of income we can 
Reasonably anticipate as an offset against this heavy bill and whether 
there are any feasible pieans by which the bill itseff can be lightened. 
Educational income, apart from grants from public funds, consists of 
receipts from fees and from such other sources as endowments, subscrip- 
tions, etc. So far as fees are concerned, it has generally been accepted 
that education which is universal and compulsory should also be free 
and I see no justification for adopting any different principle in the case 
of India. There will, therefore, be no receipts from this source in respect 
of the primary and middle stages. This covers Special Schools also. 
Since Pre-primary and Adult Education are mainly designed for the 
benefit of the poorer classes, ^ey must, to achieve their object, either be 
entirely free or the fees must be nominal. The same applies to the School 
Medical Service and the Youth Movement. Employment Bureaux should 
be really regarded as part and parcel of the ordinary administrative 
service. If an adequate supply of teachers is to be obtained for the 
salaries proposed, it will not be practicable to charge fees in training 
schools or colleges. 

This leaves the High Schools, Universities and Technical, Com- 
mercial and Art institutes as the only sources of fee income. If there 
is to be real selection for higher education — and all these brandhes fall 
within that category — liberal assistance must be forthcoming from public 
funds to enable poor boys and girls of ability to continue their education. 
Without attempting to lay down any special number or value of free 
places, scholarships or stipends, I propose to assume that these will 
require half the fee income which might otherwise have been expected or 
in other words that only half the pupils or students will pay the normal 
fee. Since those who will pay will be better off on the average than at 
present, it seems equitable to make the normal fees somewhat higher than 
they are today. 

No provision has been made in the estimate of expenditure to cover 
the cost of maintenance of students in Universities, including Teachers* 
Training Colleges, apart from such maintenance allowances as may be 
granted (see above). It is assumed that these costs will be met in full 
by the students. In the case of Training or Normal Schools, however, 
the full cost of maintenance, viz. Rs. 5,00 lakhs has been provided. It 
is reasonable to anticipate that many students will be in a position to 
make some contribution towards this, and half the total cost, viz., 
Rs. 2,50 lakhs, may be recovered in this way. 

The total receipts from other sources such as endowments and subs- 
.criptions came in 1938-39 to Rs. 4,11,25,072 and I Should not like to count 
on this being greatly increased if a national system were brought into 
operation . 

On the basis set out above, the estimated annual income from sources 
other than public funds will work out as under : — 


High Schools 
Universities 
Technical Schools 
Training of Teachers 


... Rs. 29,00 lakhs* 

... Rs. 2,88 ,, 

... Rs. 2,00 ,, 

... Rs. 1,68 „ 


Total Rs* 35,56 
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This leaves a deficit so far as British India is concerned, of roughly 
Rs. 277 crores to be found from public funds or other sources of 
revenue not hitherto explored. 

The total expenditure on education in British India in 1940-41 from 
public funds, whether Central Government, Provincial Governments, 
Municipalities or local bodies, amounted to Rs. 17,50,66,966 out of a total 
expenditure on education of Rs. 29,84,03,205. The total revenues of t^^e 
Central and ^Ifrovincial Governments for the same period amounted to 
Rs. 243,65,49,185. It would be justifiable in theor>’ to deduct the amount 
of mone)^ now spent on education out of public funds from the sum given 
above, thus reducing the net additional cost of a national system to 
Rs. 260 crores per annum. It has, however, to be remembered that 
during the time it will take to bring the new system into operation there 
is likely to be a substantial increase in the school population. It may be 
prudent therefore to regard the sum now slight on education as a reserve 
to* meet this contingency. 

7 . A brief reference may be made here to the ideas which have 
been advanced with the object of reducing the incidence of a national 
education bill. The best known of these is the Wardha scheme, which 
issued six years ago under Mr, Gandhi’s auspices. This proposed to 
develop craft work in primary and middle schools to such a standard 
that the sale of articles produced by the pupils would cover the whole 
or tlie fnajor part of the cost of education. Experiment in India ha>> 
shown what experience elsewhere had suggested, viz. that such a hope 
is illusor>\ The most that can and should be expected of the sale of 
articles produced in school is that it should cover the additional cost of 
the materials consumed. The more enlightened j>rotagoniiits of the 
Wardha scheme have nov^ accepted this conclusion. Other systems, like 
the Vidya Mandir, aim at making the remuneration of teachers a local 
affair based in effect on payment in kind. The fatal objection to such 
expedients is that by making the teaching service static and restricting 
avenues of i>romotion they abolish the main incentive to teachers to keei> 
themselves efficient and up-to-date. For obvious rea.sons also it is not 
desirable that the teacher should be tex: dcr>endent on the locality for 
his livelihood. 

The general conclusion to which one is driven by the results of these 
experiments is that if India wants a i>roper system of education, she will 
have to follow the example of other countries and pay for it. Wc are, 
therefore, brought back to the fundamental issue of finding ways and 
means of footing an educational bill of something like Rs. 280 crores. 
As long as teachers’ salaries are taken at the figures suggested, any 
economies that can be effected in other expenditure will not alter the 
total figure to an extent that will affect the main argument of this paper, 
viz. that if India is to have anything aj4>roac)iiiig a national system of* 
education, a drastic reconsideration of tlie whole basis of educational 
finance wull become necessary. 

I am neither a financial nor an economic expert and I am very doubt- 
ful -whether I am coniiietent to offer advice in a matter of this kind. 
One or two possibilities, however, suggest tlieniselves. In the first place 
if after the war there is, as niany hope, .some kind of international police 
force to guarantee world peace and relieve individual nations of the 
burden of armaments, the Government of India may be able to divert to 
education a proportion of- the considerable sum it now spends on defence. 

Secondly, there is some reason to believe that there must be very 
considerable funds ^bclongjing to religious bodies, which are not being 



(i5) Section XI, Psy. & Ed. Sc, Educational Reconstruction. 167 

used or are no longer required for the purposes for which they 
were bequeathed. If some impartial body on the lines of the Charity 
Commission were set up — I admit that it would take an Indian Govern- 
ment and a strong one at that to do it — it might be able after satisfying 
all legitimate claims of the religious bodies concerned to free a large sum 
of money for educational devolopinent. 

• Thirdly, if as appears likely there is to be established after the war 
some form of international credit control, which among other things will 
make grants for the rehabilitation of the devastated countries, why should 
not India be regarded as eligible for assistance in the form of a long term 
loan ? As a creditor country her own credit will presumably be good 
and so far as her social services are concerned, she has a strong case for 
being treated as on much the same plane as a devastated country. 

8 . As has been pointed out, most of the main lines of development 
have already been laid down by the Central Advisory Board but even 
so, given the will and given the funds it would in my opinion take at 
least 35 to 40 years to establish the sort of educational system which 
lias been outlined in this paper.. The work might be spread over 8 
five-year programmes. The first would be devoted mainly to working 
out plans in details, reorganising the administrative system and setting 
up the Training Schools and Colleges necessary to provide the teachers 
required. During each of the seven subsequent periods an area roughly 
equivalent to one-seventh of the area of each Province would be taken 
in hand. It will be about 10 years after the end of this period before 
the full incidence of the cost of educational reconstruction will be felt. 
B}' that time it is possible that the industrial development to which 
many look for raising the standard of living in India to a level which 
will enable her to finance essential services out of her own resources, 
may have become an accomplished fact. Moreover, as education spreads 
among the rural population, there is reason to hope that it may lead to 
the abandoning of those superstitions and prejudices which for centuries 
have hung like millstones round the neck of the Indian peasant. A com-, 
petent observer has estimated that with the removal of these, the standard 
of living among agriculturists might be raised by as much as 100 per 
cent. Others are even more optimistic. If there are any such prospects, 
they would more than justify an immediate loan of such a .size as 
would enable a start to be made at once with educational recon- 
struction on the scale which I have advocated. It is in the world’s 
interest as much as India’s that this should be done and done quickly. 
People like myself who believe that given the chance the human 
race, not excluding Indians, is capable of progress, find it difficult to 
understand why if money in any quantity can be raised in war time 
the same cannot be done in peace-time, for w^hat may be a still 
more world-saving purpose. At one stage in the preparation of this 
paper I dictated something to the effect that one day expenditure on 
education might be regarded as even more remunerative than expenditure 
on armaments. My stenographer, wishing either to save me from myself 
or to quote me as an authority in some domestic argument, altered ‘arma- 
ments* to ‘ornaments’. In my pessimistic moments, I am inclined to 
think that he was right. It is barely twelve months since I saw educa- 
tion described as a ‘frill*, which I believe is a form of ornament, in an 
official document. But at other times I am encouraged to believe that 
if the facts of the situation could be made clear beyond all reasonable 
doubt, men of good-will, whether Indians or British, wwtld cqnibine to 
do something about it. The object of this paper is to throw down a 
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change to all tliose who have the real welfare of India at heart. The 
question it propounds is as simple as it is urgent. What is not less 
imi^rtant, it would appear in my humble opinion to transcend all 
political controversies. Federation will not answer it, nor Dominion 
Status, nor Non-violence, nor Pakistan. But the right answer to it may 
provide the right answer to all these. If piy premises are accepted, there 
can be no half-way house between what is and what ought to be. It is 
all or nothing. All means expenditure on a scale which may frighten 
those who have defended inertia on the ground that India is too poor 
to have what other countries enjoy. Anything less than all means— 
and there is no evading this conclusion— that India accepts a position 
of permanent inferiority in the society of civilised nations. 



SECTION OF ENGINEERING AND METALLURGY 

President : — J. J. Ghandy, C.I.E. 

INDUSTRIAL RESEARCH 
(With special reference to India) 

(Delivered on Jan. 4, 1944) 


INTRODUCTION 

I feel it not only a great honour, but a great privilege to preside over 
this Section, the Section of Engineering and Metallurgy, My only regret 
is I cannot profess to be as up-to-date in my knowledge of pure science 
as some of you whose entire career has been devoted to research, as it is 
many years since I cast off the academical robes of science and joined the 
iron and steel industry. I trust you will forgive me my consequent short- 
comings. 

The subject I have selected is Industrial Research, of the possibilities 
of which, my long association with the iron and steel industry has made 
me increasingly aware. Distinction is often drawn between ‘pure* cfr, 
‘fundamentar research and ‘applied* research as if they were independent 
or un-related. To my mind, all research must be regarded as a means to 
an end, the end being the welfare of humanity, I am prepared to concede 
that pure or fundamental research brings knowledge to the research worker 
and knowledge brings happiness, but unless such research is pressed into 
the service of industry or generally ‘apidied* to the practical problems of 
life, it cannot be said to fulfil its purpose. To ascribe social value to it, 
is to exalt the means above the ends, the instrument above its function. 

That research is the chief instrument of progress there can be no 
question. The entire industrial structure of the West has been reared on 
research. It serves no practical purpose to seek shelter behind our ancient 
cultural and philosophical heritage. We live in a competitive world in 
which it is not necessarily the best nation in the cultural or ethical sense, 
but the best fitted for economic survival that survives. Life, today, is a 
veritable battle, a chemical-mechanical battle, a battle of industries, a 
battle of fuel and steel and, in the last resort, a battle of research. 
Divorce research from industry and you ensure the beginning of the end 
of a nation. 


INDUSTRIAL RESEARCH IN INDIA 

Against a background such as this, one cannot but view with grave 
concern, our country’s relative deficiencies in the field of research. 

(a) At the time of World War L — ^At the time of the first World 
War, research in India was chiefly confined to the official scietjitific 
services, like the Geological Stirvey, the Botanical Survey, thcrBepart- 
ments of Agriculture and M6ta>rology aM the. Forest Department The 
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Board of Scientific Advice constituted by the Government of India in 
1902, which was eventually disbanded in 1924, co-ordinated the work 
of the various official agencies. The Indian Research Fund Association 
founded in 1911, carried out researches on diseases. The chief institutes 
of research were the Indian Institute of Science at Bangalore projected by 
our late Mr. J, N. JTata, the Forest Research Institute at Dehra Dun and 
the Agricultural Re^^arch Institute at Pusa. There were four engineering 
colleges at Roorkee, Madras, Sibpur and Poona, which concenied them- 
selves mainly with the turning out of recruits for the Public Works 
Department. For mining education, there were courses at the Sibpur 
College and evening classes on the coal field. 

Whilst the achievements of the official scientific services have been 
of outstanding benefit to India, it cannot be denied that those services 
w^ere inadequately staffed, and, except in the Geological Survey and the 
Agricultural Department, the functions and powers of the experts employed 
were not properly classified or defined. The institutes of research also 
suffered from an inadequacy of staff. The four engineering colleges con- 
fined themselves to the relatively narrow requirements of the Public 
Works Department. The accommodation at the Sibpur College for 
students of mining was entirely inadequate, while the evening classes on 
the coal fields in the absence of a proper school of mines could provide 
no more than a limited range of instruction. The School of Mines at 
Dhanbad recommended by the Maepherson Committee in 1913/ 14 was 
yet to come into l^eing. 

The first World War brought the realisation in India — as in England, 
as we shall see later— that in a nation's struggle for economic survival, 
applied research was a major necessity. The Indian Industrial Com- 
mission appointed by the Government of India in 1916 to ‘^examine and 
report upon the possibilities of further industrial development in India", 
reviewed the existing research facilities in the country and made detailed 
recommendations for their improvement and expansion. 

(b) During the interlude , — With the return of peace, the enthusiasm 
for research waned, the lesson of the war was almost forgotten. 

Yet, the research idea did not completely perish. During the i>eriod 
between the last war and the present war, the old scientific bodies con- 
tinued to render outstanding service to India, and new bodies like the 
Imperial Council of Agricultural Research, the Indian Central Cotton 
Committee, the Indian Central Jute Committee and the Indian Lac Cess 
Committee appeared on the scene. Many of the universities improved 
their laboratories, added engineering, and, in a few cases, also metallurgy, 
to their .curricula, and increased their staff. 

The Tata Iron & Steel Company which had been l)usy on research 
connected with iron and steel, particularly since 1926, and had been feeK 
ing more and more the nece.s.sity of extended research facilities as it 
progressed with the years, completed new Control and Research Labora- 
tories at Jamshedpur in 1937, which are perhai>s the finest laboratories 
attached to any single steel-producing unit in the world. 

• Yet the fact remains that industrial research in India was still sporadic 
and unsystematised . 

(c) During World War 11, — The outbreak of the present war, laid 
even greater stress than the first war on the need for industrial research 
in India. The World had made rapid advances in science in the brief 
interlude of peace. Mechanization had almost reached its zenith. India's 
strategic, positioif and the gradual diminution of imports with increased 
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shipping difficulties rendered it imperative for her, as never before, to 
develop her own war potential to the maximum. But this could not be 
accomplished except through systematic experimentation and research for 
which no adequate facilities existed in the country. 

BOARD OF SCIENTIFIC AND INDUSTRIAIv RESEARCH 

In April 1940, in order to meet the imperious needs of the war; a 
Research Body known as tlie Board of Scientific and Industrial Research 
consisting of a number of scientists and industrialists and presided over 
by the Commerce Member was brought into existence by the Govern- 
ment of India. This organisation has undergone considerable expansion 
since its inception, and today comprises 

(a) A Council of Scientific and Industrial Research, 

(b) A Beard of vScientific and Industrial Research, 

(c) An Industrial Research Utilization Committee, and 

(d) A Committee for the i)ublication of a Dictionary of raw materials. 

* The Council consisting of officials, industrialists and scientists is the 
sovereign bod3^ Its main functions are to initiate proposals, exercise 
administrative control over the work of the lower bodies, and examine 
and approve or reject researcli proposals received from these bodies or from 
other research institutions, universities, individual scientists and industry, 
and secure funds from Government and the public. 

The Board somewhat similarly composed as the Council is purely an 
advisory body which aided by some 20 research committees examines each 
research scheme submitted by official or non-official scientists, refers it to 
one of its many research committees and if necessary, gets it further 
examined by its technical committee and then forwards its recommenda- 
tions to the supreme Council for final approval. 

The Research Utilization Committee composed largely of industrialists 
advises on the commercial utilization of researches completed by the 
Board. 

Another Committee has been set up to compile for the benefit of 
Indian industrialists a Dictionary of Indian Raw Materials to replace the 
now out-of-date Watt’s ‘Dictionary of Economic Products’. 

As the Board maintains only one Research Eaboratory of its own, 
it has to get most of its research work done in other laboratories largely 
by staff not directly connected with the Board. I think it will be gene- 
rally agreed that during the few years of its existence, the Board has been 
able to complete a number of researches valuable both from the point of 
war effort and for the industrial development of India. 

It is not possible in the limited time at my disposal to set out in 
detail the various achievements of the Board. I can only make a passing 
reference to a few of the many items that have been investigated. Its. 
work on coal tar and its products, synthetic drugs, the preparation of 
vitamins, paints and varnishes, plastics, vegetable dyes, de-colourising 
vegetable oil and mineral oils, the design and construction of electro- 
accoustical and high frequency apparatus, X-ray transfofmers, and the 
extraction of sulphur from the sulphur-bearing rocks in Baluchistan, has 
been of considerable practical value. 

With the help of the Board, thg Forest Research Institute, Dehra 
Dun, has turned out packing cases for "army boots, timber for aircraft con- 
struction and for machine nailing t^ts, for ammunition boxes and for 
shuttles ; and the Government Central Weaving Institute, BenareSj has 
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desired and constructed an automatic tape-loom, a twisting machine 
and a multiple treadle winder. 

The importance of the synthetic dye industry which was first deve- 
loped^in Germany, is today commonly recognised as the basis of the 
synthetic chemical industry. , The investigations of the Synthetic Dyestuffs 
Committee have considerably increased the possibility of the establish- 
ment of this industry in India. 

Though much has been done by the Board, it cannot yet be said 
to be much beyond the prefatory stage. The paucity of laboratories, 
apparatus, and trained staff in the country cannot but hamper the progress 
of research in the country. Aware of this deficiency, the Board has had 
under contemplation the establishment of a National Chemical Labora- 
tory at Poona, a National Metallurgical Laboratory at Jamshedpur, a 
Fuel Research Laboratory at Dhanbad, a National Physical Laboratory, 
a,Central Glass Research Institute, a Food Technological Laboratory, etc. 
Not until are these laboratories brought into existence will it be possible 
for industrial research to keep pace with the needs of this age. 

There is a number of scientific institutes in the country, like the 
Indian Science Congress Association, the National Institute of Sciences,* 
the Royal Asiatic Society of Bengal, the Indian Academy of vSciences, 
Bangalore, and the National Academy of Sciences, Allahabad, but in the 
absence of a supreme national academy, there can be no assurance that 
their work is properly co-ordinated or there is proj>er collaboration 
betw^een them, with no unnecessary duplication of effort. 

TATARS LABORATORIES AT JAMSHEDPUR 

I mentioned the new Control and Research I.alx)ratories of the Tata 
Iron & Steel Company at Jamshedpur in an earlier section. They repre- 
sent the first large-scale research laboratories constructed by private 
industr>’ to reap the full fruits of research. Time has more than justified 
their construction. Thanks to these research laboratories, the Steel Com- 
pany today, is able not only to turn out unprecedented -tonnages of 
ordinary carbon steel and structural products, but also develop and supply 
a rich variety of .special steels for machine tools and surgical instruments, 
for armour plate, exidosive and armour-piercing shells, helmets, parachute 
harness equipment, etc. to meet the varied requirements of the War. 

As industrial development today depends largely on special steels, 
it may be said that the special steels developed by Talas, in addition to 
being most essential to the War in the imtnediate present, constitute an 
insurance for the future industrial development of India. 


INDUvSTRI.AL RESEARCH IN THE WEST 

Though the realisation has conic that organised research, i>ure and 
applied, is an absolute necessity in the i>resent-day economic conditions 
of life, our research organisation in this couiitry is still in the stage of 
infancy and the fields of industrial research yet to be covered are vast 
and boundless. How best this organisation can be improved, developed 
and expanded must be uppermost in many minds. Let us turn to the 
history of research in some of the advanced industrial countries of the 
West, and see what lessons it provide.s to guide our infantile steps. 

(a) Research in Gerrnany , — The first country to organise industrial 
research was Germany. *The war of 1870 brought the realisariott that 
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State aid to science was an absolute necessity if the new Reich was to 
maintain its position in the world. This led to the foundation of the 
famous Reichsanstalt in Berlin in 1886-87, 

The Reichsanstalt . — Of its two divisions, the one concerned itself 
with pure science, dealing largely with questions connected with the 
fundamental units and standards of physical measurements, and the other 
wkh the application of the results of these investigations to German 
industry and manufacture. Technical colleges were also established as at 
Charlottenburg and Darmstadt, and a flow of scientific discoveries of 
industrial value came from their professors and students. Chemical, 
metallurgical and electrical industries, amongst others, were quick and 
farsighted enough to take full advantage of the discoveries of research 
and some of them eventually set up their own laboratories to develop for 
theiiivSelves the results of scientific investigations. 

The work of the Reichsanstalt has been of historic importance in the 
growth of scientific and industrial research in Germany. Much of the 
standard equipment for measurements of precision, which is in use all 
over the civilised world today, has been developed by the Reichsanstalt. 
To it is also due the credit for the application of the precision methods 
of measurement to the establishment and control of the legal units. 

Nor has the Reichsanstalt worked in isolation from the rest of the 
world. It has freely co-operated with foreign State indUvStries with similar, 
aims, such as the Bureau of Standards at Washington and the National 
Physical Laboratory at Teddington, and has participated in international 
scientific conferences dealing with questions connected with ph3"sical and 
technical units of measurement. 

Co-operative Research . — T have dealt so far largely with the Reich- 
sanstalt, which is a state organisation for research. Reference must be 
made to the organisation of co-operative research by industries themselves. 
The outstanding society for the promotion of sciences in Gennany is the 
Kaiser-Wilhelm Gesellschaft founded in igir, which maintains a number 
of institutes, one for natural sciences, a second for applied chemistry and 
j>hysics, a tliird for research on coals, a fourth for research on iron and* 
steel and so on. 

Of, these institutes, perhaps the best known is the Kaiser-Wilhelm 
Institute fur Eisenforschung in Dusseldorf for research in ferrous metal- 
lurgy. It is financed chiefly by the German iron and §teel industry 
through its organisation, the Verein deutscher Eisenhuttenlute. 

The Institute has seven sections for research — for research on iron 
ores, and for metallurgical, technological, chemical, mechanical, physical 
and metallographic research. The work done at the Institute has un- 
doubtedly been of paramount importance to the German iron. and steel 
industry. 

The State Council for Research . — No account of industrial and 
scientific research in Gejmaiiy can be complete without a reference to the 
State Council for Research, founded in March 1937. It was not to replace 
the Kaiser-Wilhelm Gesellschaft nor disturb its status. The two were 
to work in co-operation, both being under the common supervision o£ the 
Reichminister, Herr Rust. 

The rise of the Council symbolised -the rise of a spirit that was at 
once old and new in Gennany, the spirit of subordination of all learning 
to narrow, national ends. As Herr Rust himself said : "‘The Council is 
initiated at a niombnt when the German people is preparing, in a manner 
hitherto unprecedented and by an unexampled expenditure of its iftmost 
effort, to win its rightftil foundations of exfetence, independent of its 
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environnient With the foundation of this Council no new principle 

of scientific behaviour is introduced. . . . Wliat is new is the determinate 
and planned co-operation of technology and of science for the self- 
sufficiency of German economy**. 

These words were spoken in 1937, two years before the outbreak of 
the present War. Research was to be regipiented towards One single end, 
the glorification of the State — an end towards which every other effort 
was to be directed with a single mind. The inevitable outcome of this 
spirit has been the present War, which has called for an unprecedented 
sacrifice of blood and treasure. Here was an instance of perversion of 
science, the fault lying, not with science itself but its application, with the 
people who planned the co-operation of .science, not with constructive but 
with destructive ends. 

(b) Research in England. — In England, the history of scientific and 
industrial research prior to the outbreak of the first World War was largely 
a* history of individual inventors and investigators like Bessemer and 
Parsons, Newton, Watt and Faraday. Organised research was unknown. 
The rich natural resources of England and her strategic geographical 
position had brought her incomparable prosperity. Industrial opportuni- 
ties were so numerous and so easy that the industrialist did not feel the 
same impelling need for research as in countries like Germany with 
inferior natural resources. The establishment of the National Physical 
Laborafbiy' at Teddington in 1899 for the maintenance of physical 
standards, the testing of instruments, and the assistance of industry by 
advice and experiment, and a system of grants-in-aid to the Universities 
and the Royal Society for the advancement of science, were considered 
sufficient to ensure the progress of industry. 

The Deparimeni of Scientific and Industrial Research, — The outbreak 
of the first World War revealed numerous gaps in England’s industrial 
structure. She was found wanting in a number of essential war industries, 
such as the fine chemical industry and tlie scientific instrument industry. 
The realisation dawmed that research and industry must be brought into 
close co-operation not only to meet the future needs of peace, but also the 
more immediate, vital needs of the war. Happily, the availability of a 
numerous body of University men of liberal education, possessing trained 
minds capable of easy adaptation to new situations, solved the question 
of scientific man i)Ower. What was needed was an organisation to mobilise 
the scientific talent of the country to the immediate ends of the war, and 
subsequently, to those of peace. The answer was the Department of 
Scientific and Industrial Research formed by Government in 1915 for 
scientific and industrial research, the Medical Research Council in 1920 
for medical research, and the Agricultural Research Council in 1931 for 
agricultural research. 

The formation of the Department of vScientific and Industrial Research 
marked the beginning of a new era in England, the era of organi.sed 
research. The Department consisted of a committee of the Privy Council 
at the head to lay down research policy and secure financial assistance 
from Government, and an Advisory Council, consisting' of scientists, to 
initiate specific researches, establish scientific institutions, and encourage 
scientific students by means of awards. Though the Committee was the 
superior body and received reports from the Advisory Council, it never 
interfered with the decisions of the Council, which was, thus, virtually 
autonomous. 

The new Department .soon came to grips with its tasks. It set up a 
Fuel Research Board, with a large laboratory at Greenwich to ccmduct 
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research work on coal ; a Building Research Station near London to 
investigate problems connected with the better housing of the people ; a 
Forest Products Research Laboratory for the study of the use of timber ; 
a Food Investigation Board for the study of problems connected with food, 
including its storage and transport ; a Road Reseai;ph Station at Harmonds- 
worth to grapple with questions of road construction ; and a Chemical 
Research Laboratory at Teddington for chemical research. 

The ‘mother department also took under its wing, the National 
Physical Laboratory at Teddington, and administered aid to the work of 
the aeronautical research committee, which has contributed in no small 
measure to the science of aviation. 

These organisations benefited industries as a whole by bringing re- 
search to bear on problems connected with the day-to-day life of the 
people, but left the specific problems of individual industries unsolved. 
Whilst large-sized concerns, such as, in the metallurgical, electrical and 
chemical industries, were able to set up re.search stations of their own, 
small-scale factories, which constitute the greater bulk in England, could 
not afford the expenses of a private research laboratory. For the benefit 
of such small-scale firms, a Research Association Scheme was formulated 
in 1917 and ;{;i,ooo,ooo provided for its operation. 

Co-operative Research . — Financed partly by Government and partly 
by member firms and based on voluntary co-operation between contri- 
buting members and with other bodies engaged in scientific research, the 
Research Association Scheme has fully justified itself. Today, there are 
some twenty research associations covering a wide range of industries in 
Great Britain, for example, the British Non-Ferrous Metals Research 
Association founded in 1919 and supported by nine Trade Associations, 
the British Cast Iron Research Association, and the relatively recent 
Welding Research Council. 

For co-.operative research on iron and steel, there is the Iron & Steel 
Industrial Research Council, which operates as a section of the British 
Iron & Steel Federation and works in close association not only with the. 
Federation, but also the Iron and Steel Institute. Having no laboratories 
of its own, it conducts its researches in the laboratories of member com- 
panies and also in University Laboratories. The Council thus represents 
an excellent example of co-operation between Government, Industry and 
the University for the benefit of the community at large. 

The University . — The British universities have provided, a flow of 
research workers for industry in the past. Yet it is felt that the collabora- 
tion between the universities and industry is not close enough. At pre- 
sent, the bulk of technologists come not from Cambridge or Oxford, or 
London, but from the provincial universities, and most of them are from 
^secondary and elementary schools. The public scTiools have a decided 
preference for the humanities. It is therefore advocated in certain respon- 
sible quarters that there should be a large financial provision to cover 
scholarships and grants to attract sufficient scientists to the universities 
and technical colleges and that the possibilities of extending the univer- 
sities and setting up new foundations should be explored. 

This should serve to indicate the importance that has come to be 
attached to the role of the university in the national scheme of industrial 
research and should serve as a lesson to us in India. 

• RESKARCH TODAY 

The outbreak of the present war made new demands on the scientific 
talent of the country. The Board of Industrial and Scientific Research, 
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created during the last war, was fortunately available to measure up to 
these demands, whilst the war-time appointment of three scientific 
advisers to the Ministry of Production has tended to supply whatever 
deficiencies there might have been in the research organisation. Yet it 
is stated that there is room for better integration of research with the 
Supply Ministry, Mr. E. D. Swann proposed on behalf of the executive 
of the Association of Scientific Workers last year that a Central Scientific 
and Technical Board with wide executive powers should be established 
to work in direct contact with the War Cabinet, so as to bring the 
countr>^’s scientific talent into closer relation with the strategy determined 
by the Cabinet. Authorities like Dr. P. Dunsheath and Dr. H. Moore 
have commented on the inadequacy of the i)roportion of the annual turn- 
over now being allocated to co-opefative research and have advocated a 
manifold increase. This .serves to show tliat research is essentially pro- 
gressive, and its organisation, no matter how ])erfect at one time, may 
have to be altered and adjusted from time to time to suit changed sets 
of conditions. 

(c) Research in America. — In America, both individual research by 
companies and co-operative research by trade associations have made great 
headway in recent years. 

Research by Private Companies. — Of research organisations main- 
tained by companies, mention may be made, by way of example, of the 
Bell Telephone Laboratories, Inc., in New York City, which employ 
some 5,000 to 6,000 research workers on telei)honic communication, the 
laboratories and chemical organisations of E. I. du Pont de Nemours and 
Co., Wilmington, and tlie laboratories of the General INJotors CoriKjration 
at Detroit ; and the General Electric Co., at vSchenectady. 

A number of companies, for example, the Girascdli Chemical Com- 
pany, make grants for research to educational institutions and a number 
take advantage of the research facilities oflered by certain commercial 
laboratories in the country. 

Co-operative Research. — Co-operative research takes many forms in 
America, vSome associations have founded their own lal><)ratories, some 
sustain fellowshii)s or scholarships in educational institutions, some make 
use of the laboratories of inofcssional consultants, some take advantage* of 
what is known as the indu.strial fellowship scheme, and others co-operate 
with Gov^ernment departments and bureaus under the “re.scarcb associate 
plan.” 

Of these v^arious forms of co-operative research, the industrial fellow- 
ship scheme and the research associate plan have i>rc)ved of such great 
importance as to deserve more than a i)assing mention here. 

The Industrial Fellowship Plan.— The father of the famous industrial, 
fellowship idea was Robert Kennedy Duncan. During his travels in 
Eurof^e in 1905 and 1906, he observed that in Germany, France, Italy 
and England, new scientific knowledge was being harne,ssed to the service 
of industry and much money spent on intelligent exj>erimentation. 
Denied the fruits of applied Science, particularly of chemistry, American 
manufacture was naturally in a state of chaos and confusion, with an 
endless array of vital problems unsolved. 

The example of Euroi>ean countries Duncan visited, inspired the 
belief that with the aid of the Universities and their laboratories and 
libraries, the American industry could be drawn out of the doldmms and 
^t on the path to progress. The appointment of Duncan as professor of 
industrial chemistry at tbe University of Kansas after his return from 
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Rome in 1906 furnished a suitable opportunity for experimentation with 
this idea. A company engaged in the manufacture of launderer*s mate- 
rials, which believed that research could discover improvements in the 
chemistry of laundering and was prei^ared to pay for such research, pro- 
vided the practical stimulus. Bringing the University of Kansas to the 
help of the Company, Duncail created the first industrial fellowship in 
A/herican. history on the basis of an agreement drawn up between the 
university and the donor company, the Fellow selected being W. F. 
Faragher, who, later, entered the services of the same company. 

The first fellowship achieved such great success as to encourage 
Duncan to start further fellowships. vSoon the number reached ten. 

The Mellon Institute . — Further successes awaited the Fellowship 
plan. Impressed with its possibilities, the famous Andrew W. Mellon 
and his brother Richard B. Mellon prevailed on Duncan to organise a 
Department of Industrial Research in Pittsburgh in 19 ii with eleven 
fellowships. In March 1913, came to be established the now famous 
Mellon Institute of Industrial Research and School of Specific Industries 
at the university of Pittsburgh, a symbol of co-operation between the 
factory and the university. If an individual or a company or a group of 
individuals or of companies wished a problem to be investigated, it would 
propose its investigation. If the problem was such as to require the 
services of a whole-time man for not less than a whole year and jA^as not 
already under investigation, the Institute, subject of course, to limits of 
accommodation, would accei^t it for investigation, engage a trained worker 
and provide hjin with a laboratory, a library, a machine shop, and secre- 
tarial and other assistance. The individual or company interested would 
contribute the foundation sum of the fellowship and meet all operating 
expenses. “The results of the fellowship belonged exclusively to the 
donor and could not be published without his consent. The Institute 
received no financial benefit from any fellowship except the satisfaction 
that it was furthering the cause of American industry. 

The Institute has always looked ahead during the last thirty years ’ 
of its existence. It is now hc^used in a new building, modelled on the 
style of the ancient Grecian architecture, which took many years to plan 
and six years to construct and was completed in 1937. Combining beauty 
with utility, and providing the most up-to-date facilities for research in 
most pleasant surroundings, the building, should enable the Institute to 
fulfil its purpose even more amply in the future than in the past. 

The research spirit has spread to many other states and educational 
institutions in America. The Battelle Memorial Institute in Columbus, 
Ohio, founded in the 20’s, the Purdue Research Foundation at Purdue 
University, West Lafayette, Ind., incorporated in 1930 ; the Ohio State 
.University Research Foundation established at Columbus, Ohio in 1936 ; 
The Armour Research Foundation incorporated in 1936, and the Institute 
of Paper Chemistry founded at Appleton, Wisconsin, in 1929, and other 
research associations symbolise the same spirit as the Mellon Institute. 

The Research Associate Plan. — The Research Associate Plan has. its 
basis in a legislative enactment which makes the scientific and techiiical 
research facilities of various Government departments available to duly 
qualified workers. Associations or specific groups have their research 
workers employed in these departments to further research on problems 
of interest to them^and the results of the investigations of these re^rch 
workers or ‘‘associates” are made available to the industry concerned. 

Co-operative Agencies , — ^America has also a number of agencies to 
the promotion of co-operative research, such as, the National RemrOli 
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Council, which is a general ‘‘clearing-house*’ of research infonuation^ and 
the American Engineering Standards Committee and the American Engi- 
neering Council which collaborate with trade associations and individual 
concerns for the furtherance of research. 

Federal Research, — In America, the Federal Government has greatly 
assisted the progress of research not only through its research associate 
plan, but also through the direct activities of its own research departments. 
In 1938, the immediate pre-war year, the Federal Budget showed an 
expenditure of 57*7 million dollars for different categories of research, 
the bulk being for natural sciences, engineering, and surveys and 
mapping. 

Federal research in America is organised on a vast scale and embraces 
varied fields. The Department of Agriculture in America, considered to 
be the largest single research institution in the world, has done much for 
agriculture. Fundamental aeronautical research conducted by the National 
Advisory Committee for Aeronautics at Langley Field, Va., has practically 
revolutionised concepts of national defence. The geological survey has 
been responsible for the discovery and exploitation of mineral resources. 
The Bureau of Agricultural Chemistry and Engineering has done much 
useful work on farm products, fertiliser resources and agricultural engi- 
neering, whilst the Bureau of Dairy Industry of the Department of Agri- 
culture dias concerned itself with the development of diverse aspects of 
dairy products. The Bureau of Plant Industry has been able to make 
notable improvements in crops and agricultural practices, and that of 
Entomology and Plant Quarantine has developed imi)roved insecticides for 
counteracting the damage done by parasites. The Bureau of Fisheries has 
been of considerable aid to American Fisheries. The National Bureau 
of Standards, now of international fame has developed new measurements 
and new standards of ever-increasing accuracy to meet the new demands 
of industry. The Bureau of Mines aided by regional experiment stations 
spread over the countrj’ has done singularly useful work on mining 
methods, on treatment of ores and other mineral substances and has 
successfully grappled with the nation’s f\|el and metallurgical problems. 

(d) Research in Russia, — In Russia, organised research has come into 
its own only during the last twenty years or less. The Russian Academy of 
Sciences, founded by Peter the Great in the eighteenth century, possessed 
no constructive programme under the Tsars : it was more of an ornament 
to add to the pomp and lusture of the State than an instrument of organ- 
ised research. It was only after the rise of the Bolshevik regime soon after 
the first World War, that the value of organised research came to be 
recognised in Russia. The problem that faced the country was one of 
transition from the agricultural to the industrial stage. In the new world 
born after the War, agriculture by itself was not enough to secure the* 
economic survival of a nation. A nation had to industrialise or perish. 

The new-born Russia applied itself with unequalled vigour to the 
problems of the time, and incorporating a carefully planned science organi- 
satibn in the structure of the State, has pressed scientific research fully 
to the service of industry. 

SCIENCE ORGANISATION IN RUSSIA 

^he main instruments of research in modern Russia are the Council 
of People’s Commissars and the rehabilitated Academy of Sciences, both 
responsible to the Supreme Council, the highest elective assembly in the 
Soviet Union- 
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The Council of People’s Commissars supervises the People’s Com- 
missariats of Education, Health and Heavy Industry. 

The People’s Commissariat of Education, as the name signifies, is in 
charge of education. It sees that a proper scientific bias is given to 
education. ‘Tioneer Palaces*’ or children’s clubs, with their science labo- 
ratories and their exhibitions help the growth of a scientific outlook in the 
nunds of young students, while, science courses at the schools and the 
universities and facilities for the conduct of research at the university 
laboratories in collaboration with the Scientific Research Institute of the 
Academy of Sciences, complete the scientific training of students and 
turn out a regular flow of scientific workers for the benefit of the com- 
munity at large. 

On October 3, 1940, a decree signed by President Kalinin introduced 
a system for the replacement of schools under the control of individual 
factories and commissariats by Government-controlled schools organised 
on a national plan. It was not long before a network of industrial 
technical schools came into existence in Russia, Moscow alone having 
seventy such schools towards the end of 1942, each specialising in a 
particular branch of industry. 

Offering the attractions of a free education, free uniforms, and three 
free meals a day and guaranteeing decent employment at the end if a 
diploma is obtained, these schools have drawn hundreds of thousands of 
youths, including girls, in their middle teens, and have already •provided 
tens of thousands of qualified workers for w^ar industries. 

The People’s Commissariat of Health is responsible for ‘ medical 
research, and is in charge of hospitals and medical research institutes. 

The People’s Commissariat of Heavy Industry is responsible for 
power, and for metallurgical and electrical industries. It operates 
through a technical Education Sector, a group of industrial sectors, and 
a vScientific Research Sector. 

The Technical Education Sector is responsible for technical training 
colleges and research laboratories. 

The industrial sectors, responsible for different industries, administer 
production and distribution through what are known as State Trusts, 
and maintain research institutes for technical research on problems of 
general interest. For research on specific problems, each factory is 
provided with its own laboratory. 

The Scientific Research Sector is concerned more with pure or funda- 
mental research than aj^plied research. It controls some of the best 
research institutes in the Soviet Union, like the Physico-Technical 
Institutes at Leningrad and Kharkov, the Institute of Chemical Physics 
at Leningrad and the Karpov Institute of Physical Chemistry at Moscow ; 
it apportions research work to these institutes as well as to the different 
factory laboratories and co-ordinates their activities in general. 

Alive to the possibility of a German invasion and the danger of 
centralising researcli in regions relatively easily accessible to the enemy, 
Russia has also set up research institutes at Dniepropetrovsk and ip the 
remote Ural area. 

The Academy of Sciences, now located in Moscow, and interested 
mainly in natural sciences, sociology and technology, is responsible for 
the general planning and direction of scientific research and, in the draw- 
ing up of the Five-Year Plans in Russia, has been of immense scientific 
assistance to the supreme, national planning body, which is styled .as the 
State Planning Commission. 
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INTERNATlONArv STANDARDS OF MEASHREMENTwS 

The progress of industrial research in various countries soon brought 
the realisation that it was essential to have international standards of 
measurement. Various laboratories and other bodies concerned with 
standards in various countries came to collaborate, leading to the forma- 
tion of the Bureau International des Poid*s et Mesures at Sdvres and^ a 
number of other international associations, such as the International 
Electrotechnical Association or the Association for Testing Material. 

This brief survey of the growth of organised research in Germany, 
England, America and Russia should serve to indicate our own vital 
weaknesses in this field. According to Professor Bernal, the Soviet expen- 
diture on science is estimated to be i per cent of the national income, 
the United States* expenditure three-tenths of i per cent and England *s 
one-tenth. 

If the Soviet Union is now able to roll back the Germans like a carpet 
from occupied Russia, and America and England aided, of course, by the 
rest of the British Commonwealth, are striking vital blows from the air 
at the very heart of Germany and freeing Italy from the Axis grip, it is 
due, in no small measure, to the cumulative fruits of research, particu- 
larly those gathered during the recent years. 


RESEARCH TODAY AND TOMORROW 

Research has revolutionised our economic civilisation, particularly 
during the immediate pre-war and the war years, helping to swing up 
war production to the maximum with the minimum expenditure of 
materials, using substitutes for articles in short supply. It has improved 
radio communications, electric transformers, generators, motors and 
lighting equipment. It has discovered new applications for aluminium, 
such as in architecture, in marine construction, in the building of rail-road 
passenger cars, and in the manufacture of textiles ; and found new uses 
for plain carbon steels and cast irons. 

Thanks to research, America is now able to manufacture chemical 
rubber for i:>etroleum, recover magnesium from sea water, design trans- 
oceanic planes and think in terms of air trains of gliders. 

Looking to the future, research opens up new vistas. Powder 
metallurgy, spectographic analysis, the ever-improving X-ray technique 
and the electron microscope, and colour cinematography vvill yield new 
wonders in the future. And, as Charles M. A. Stine, Vice-President, 
E. I. du ‘Pont de Nemours and Co., writes in an article, ‘*Molders of a 
Better Destiny**, published in the journal, Mining and Metallurgy,^ 
December 1942 : '*We will have unbreakable glass and, glass that will 
float, wood that won’t burn, and lamination of plastics and wood that will 
compete with the structural metals. Hosiery derived from air, waiter, and 
coal, a wonder of pre-war days, is but the fore-runner of many innova- 
tioifc from the same source, ranging from slioes that contain no leather 
and window screens that contain no wire, to machinery bearings that 
contain no metal.” 

vScience has revolutionised not only the various industrial processes, 
but also our managerial concept. As staled in editorial comments on 
Dr. Dunsheath’s Atkinson Memorial Lecture, in the magazine, Chemical 
Age,* dated the 27th March, 1943 : '‘Rightly or wrongly we are coming 
to the conclusion that tbe control of business by commercial mm 
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obsolete and will pass .... While financial skill is necessary for the 
sound operation of business, control should be vested in technically trained 
men. In our opinion, this would be the greatest single step towards 
making the fullest use of science in industry.** 

WHITHER INDIA? 

Where is India in this world of progress? We are not able to 
manufacture aircraft or automobiles. A proper ship-building industry 
is still unknown. Our requirements of heavy machinery have to be 
supplied from abroad and we are content to utilise the great reservoir 
of scientific talent that exists in the country for the purpose of main- 
tenance and operation of machines designed and constructed in foreigh 
countries. What heightens the sense of tragedy is the fact that a country 
so unusually rich in natural resources as India should be so backward in 
industrial development. 

It is often urged that the War has filled many gaps in Indians 
industrial structure. The statement is misleading. The gaps filled are 
relatively few and, by no means, of great importance : the major gaps 
are still unfilled. Even Australia and Canada have been able to 
accomplish much more in the industrial field than India and are now 
several paces ahead of us. 

We have heard of long-range programmes of economic development 
for India, covering a whole range of large, medium and small-scale 
industries. But unless the magic wand of research can touch the country’s 
ran' material resources, no major industrial advancement is possible. And 
what facilities have we for research as compared with the countries of 
the West? 

There are no national laboratories for physical, metallurgical, fuel, 
glass or cement research, no organisation for the promotion of co-operative 
research among relatively small concerns, no bureau of standards and 
measurements, no proper liaison between industry and the universities. 

There can be no doubt today that if India is to survive in the post- 
war world of progress and competition, in which there will be Tiiore of 
international co-operation and less of national tariff protection, and 
efficiency will be the main criterion of success, we must draw up a blue- 
])rint of what our research organisation should be after the war, and do 
so now. There is no time to be lost. 

RESEARCH ORGANISATION FOR INDIA 

To my mind, national research must be planned on national lines 
in order to prevent clashes of sectional interests, territorial and occupa- 
tional, and obviate unnecessary over-lapping of work and the consequent 
waste of money and effort. It must be adjusted to the economic structure 
of the country and not be a blind repetition of some foreign model. The 
Government, the University and Industry, each must be assigned distinct 
research functions, though all three must work in close collaboration 
towards the same end. The changes necessary, in my opinion, to 
ensure proper x)J'ogress of research in . India will be indicated in the 
succeeding paragraphs. • 

THE ROLE OF GOVERNMENT 

The existing, Board of Scientific and Industrial Research iix this 
country has come in for much criticism, particularly of late. It i$ 
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said to be a defective imitation of the Department of Scientific and Indus- 
trial Research in England. Some critics have gone so far as even to 
suggest that it should be disbanded and replaced by an entirely new 
department constituted on exactly the same basis as the British model; 

I for one feel that this is going too far. The Roard hais proved its 
usefulness thouth I must admit, on a very limited scale, and there is no 
reason why,' with certain changes in its composition and a better clarsi- 
fication of the functions of its constituent bodies, as indicated later, it 
should not be able to fulfil its purpose. 

The main constituent bodies of the existing department are a Council 
of Scientific and Industrial Research, a Board of Scientific and Industrial 
Research and an Industrial Research Utilisation Committee. 

The Council of Scientific and Industrial Research which is the supreme 
body should correspond in its functions to the Committee of the Privy 
Council for Scientific and Industrial Research in Great Britain and consist 
of prominent industrialists, economists and scientists, and be presided 
over by an appropriate member of Viceroy's Executive Council. 

Its main functions should be to lay down broad principles of policy 
for the guidance of the technically subservient bodies, co-ordinate their 
activities and receive financial grants from Government. 

Of the other two constituent bodies, the Board should concern itself 
largely with science and the Committee largely with industry, or rather, 
with the industrial application of scientific research, both working in 
close collaboration, under the general guidance of the supreme Council. 

In order to enable the Board to discharge its scientific functions i)ro- 
perly, it wall be essential to select, i>referably in consultation wath the 
leading scientific societies and academies in the country, representatives of 
all branches of science and include them as members, except in branches 
already covered by the existing membership. Bureaucratic control must 
be removed and research de-politicised, if it is to fulfil its purpose. 

The broad functions of the Board, as I visualise, then should be : 

(fl) To plan national, scientific and industrial research in collabora- 
tion with the Industrial Research Utilisation Committee 
under the general direction of the parent council ; 

(b) To develop facilities for the execution of the national research 

programme, by setting up national laboratories for chemical, 
metallurgical and physical, fuel, food and other types of 
research, stimulating the growth of private research, institutes 
and laboratories, introducing and encouraging the American 
fellowship plan in the country, etc., for this purpose ; 

(c) To apportion research schemes to its own and private and 

university laboratories ; 

(d) To control, supervise and co-ordinate scientific research 

activities as W'ell as technological education in the country, 
thus ensuring proper collaboration between Government, 
industry and science ; 

(e) To distribute grants to research institutes and individual re- 

search workers, w^hen necessary ; and 

if) To formulate and submit its general recommendations annually 
to the parent council for approval. 

The Board should continue to operatd, as at present, through a 
number of research committees, each committee being in charge of 
research in a particular branch of science. Each branch should have a 
direttor, wdao may be attached to a particular institute, but should work 
as secretary of the research committee covering that particular branch, 
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so that the research committee on the one hand and the scientific institutes 
on the other may work in close collaboration under the general super- 
vision and control of the Board. 

To illustrate the genlrf-al functions of these committees, I shall take 
the example of metallurgical research. 

The metallurgical committee will collect statistics relating to the 
mitallurgical possibilities of the country ; plan metallurgical research on 
the basis’ of these statistics under the general guidance of the Board ; 
assume responsibility for the design, construction, manning and super- 
vision of a national metallurgical laboratory ; examine the suitability in 
practice of metallurgical schemes that may be referred to it by the Board 
for opinion or put up by universities or individual scientists. 

The committee should also gather and possess infonnation about the 
various laboratory facilities available for metallurgical research in the 
country, the type of research work already in progress, and the qualifica- 
tions of various research workers ; and on the basis of this information, 
apportion research schemes to different laboratories and scientific societies, 
and provide the necessary funds for the prosecution of research. 

The other committees will function along similar lines in their resi>ec- 
tive branches of research. 

The Industrial Research Utilisation Committee should consist largely 
of industrialists and econom^rts under the chairmanship of a non-official 
industrialist. The Director of Commercial Statistics and Intelligehce and 
the Economic Adviser to the Government of India should collaborate as 
members of the Committee. 

I think the Committee should be more than a mere research utilisa- 
tion committee. It should be a proper Industrial Committee with much 
wider functions. It should co-operate with the Board in the formula- 
tion of a national research programme suited to the industrial resources 
and the economic conditions of the country, under the general direction 
of the parent council, the Research Utilisation Committee furnishing the 
industrial basis and the Board the scientific basis for the programme ; 
devise methods for the industrial and commercial utilisation of researches 
completed by the Board ; and formulate rules concerning the taking of 
patents and collection and distribution of royalties to facilitate the utilisa- 
tion of scientific researches by industry. 

This Committee will also operate through a chain of industrial com- 
mittees, which, like the research committees, will cover the different groups 
of industries, collect industrial data, and advise on various industrial pro- 
blems, both old and new. 

The Board of vScientific and Industrial Research should also make 
its own laboratory facilities available to duly qualified workers and 
.allow industries to have their own research workers employed in these 
laboratories to conduct research on specific problems on the lines of the 
American Research Associate Plan. 

THE ROnE OF SCIENCE ITSELF 

At present, there is no proper co-ordination between the existing 
scientific institutes in the country, so, that there is every possibility of 
unnecessary duplication of work and w^aste of scientific energy. I think 
there should be a supreme academy of sciences, as in the U. S. S. B.., 
composed of repres’entatives of private research associations and academies 
and eminent scientists drawn from the ranks of university science* pro- 
fessors and lecturers. 
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Siich an academy should collaborate with the Board of Scientific and 
Industrial Research in the general planning and direction of scientific 
research in the country, and also, provide, the Board with some of its 
new members and act as a link between it and the various scientific 
societies. 


THE ROLE OF THE UNIVERSITIES 

I am aware that most of the Indian Universities today provide for the 
teaching of mechanical and electrical engineering courses, and the Benares 
Hindu University includes mining and metallurgy also, and the School 
of Mines at Dhanbad provides special facilities for education in mining 
and geology. But the teaching of science in our universities is not pro- 
perly related to the needs of industry and is, in consequence, more 
academic and less practical. It is limited in scope and does not cover, or 
inadequately covers, many of the new branches of engineering essential 
to industry. Besides, science does not attract a sufficient number of 
students to meet the requirements of the country. 

The first essential appears to be that the Universities should be pro- 
vided with funds by the Board of Scientific and Industrial Research 
and the public, in order to enable them to add to their science curricula, 
improve their laboratory facilities and eng^e additional staff, wherever 
necessary. 

The same Board should also provide sufficient scholarships for 
post-graduate research, so that it may be possible to utilise the growing 
reservoir of graduates possessing a natural aptitude for research, for inten- 
sive training in the methods of research, thus aSvSuring industry of a 
growing supply of trained scientists. 

It is further suggested that the last stages of education of science 
students should include a study of subjects like economics, law, and 
sociology in general, so that they may be able to wield not only scientific 
or technical posts in later life, but also administrative posts, requiring 
qualities of leadership and general business ability. 

Also, the Universities should give facilities to industries to set up 
university fellowships for the purpose of investigations into specific pro- 
blems of practical interest to industries and arrange with industrial com- 
panies and the railways for the practical training of its science students in 
factories and workshops during vacations. 

« Another type of education on which inadequate stress has been laid in 
the past is technological training. Facilities for such training should be 
provided on an adequate .scale under the aegis of the provincial depart- 
ments of* industries, as a necessary preliminary to practical training in 
a workshop. 

I have talked so far on technological training and on scientific educa- 
tion at the univer.sity stage. I think it is most essential for the future 
progress of the country that such education should begin early at school. 
'Tioheer Houses*’ or Children’s Clubs on the Russian model, with science 
laboratories, should be set up to give a scientific bias to education right 
from the start. Problems of every-day science presented in simple 
language and followed by simple practical demonstrations in the class- 
room or in the laboratory, would, I am sure, not only prove useful to 
children in later life but also of absorbing interest to them in the immediate 
present. 

If a proper scientific outlook is initially developed in the school stage 
and finished off in the university stage, we shall be assured of a regular 
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streatn of scientific leaders not only for the imiveraities but also for other 
research organisations in the country, 

THE r6lE of industry 

If it has not been possible lor Government to promote industrial deve- 
lopment on a scale commensurate with the needs of the country, we must 
lodk to private enterprise more and more to fill the gaps in our industrial 
structure. 

This can be accomplished only through research. Relatively large 
companies can set up research laboratories of their own, as the Tata Iron 
& Steel Company has done at Jamshedpur. Smaller concerns can form 
trade associations in particular fields of industry as in England and America, 
and set up common laboratories of their own for co-operative research for 
their mutual benefit. 

Also, there is no reason why industry should not introduce and 
stimulate the growth of an industrial fellowship plan on the American 
model. 

To my mind, the fellowship plan holds vast possibilities. It will 
encourage the universities to become more and more practical, add new 
science courses to their curricula, improve their science laboratories and 
staff, so that they may be able to cope with the growing demand for 
industrial research. It will benefit industry also by bringing the •univer- 
sities to its aid. Industrial concerns unable to afford the expenses of 
private laboratories of their own will be able to avail of research facilities 
at the universities at a relatively small cost. 

B^^sides, the plan will enable promising scientists to get established in 
life and encourage youth to take up science in the future in much largc?r 
numbers than at present. 

Financial considerations should not be allowed to prevent the expan- 
sion of research facilities at the universities, if the fellowship plan is to 
be a success. Government, industry and private individual should be able 
to provide the necessary funds for this purpose. 

It will be agreed th^t research can be of little value unless its resulte 
find practical application. This brings the average factory worker into the 
picture. Means must be devised to educate him in the relatively elemen- 
tary principles of science so that he may be in a position to apply the 
results of research to the working processes of industry. He cannot be 
expected to join a technological institute or college on a whole^time 
basis, nor has he the necessary equipment for university training* He 
must stay at his work in order to earn his living and yet r^eive his 
education in science. The answer appears to be part-time evening techni- 
cal instruction at a technical night school, or, as some would prefer, part- 
time day instruction with evenings devoted to independent study of a 
wider nature under careful guidance. There is no reason why part-time 
technical schools close to industrial workshops should not be set up in all 
, ^industrial areas. It is a necessary step to ensure the day-to-day applica- 

of research to industry. 

THE EXISTING saENTiFIC SERVICES 
. - 

It will be generally agreed that the existing Government scientific 
service^ like the Geological Survey and the Botanical Surveyi ate in^ 
adequately staffed, ‘The first necessity in this connection is to inct;^^ 
their strength substantially so that they can prove equal |o tfie vari^ 
problems that the India of today present. 
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There is another question that arises in this coujiection* What place 
should be assigned to these scientific services in the Government D^art^- 
ment of Scientific and Industrial Research? 

The question bristles with controversy Yet I feel the two should 
not be diwrced. The services may be given the largest possible measure 
of at^tonoxny, but they should co-operate .with the Government D^art- 
ment of Scientific and Indiist|ial Research in the enunciation of poliqy, 
and be guided by it. This will enable the broader outlook of iii6 depart- 
ment to be brought to bear on purely sectional considerations. It is not 
my intention, however, to be too dogmatic in this connection. The matter 
can bear further consideration at a later date. 

PRKSS AND PUBLICITY 

Research, pure or applied, cannot be said to fulfil its purpose, unless 
its results are interpreted to the community. At present, such results 
are published in the form of articles and reports only in a limited number 
of technical periodicals. The daily press, which reaches the masses and 
moulds public opinion crams its columns largely with sports news and 
sensational events, devoting little space to scientific intelligence. If a 
scientific article does happen to be included, it is, as a rule, not properly 
edited, «as most editors are non-scientific men who have confined them- 
selves to arts studies. 

In the future, in order to make the public science-conscious and create 
the correct environment for the development of scientific research, it will 
b^ essential to use the daily press more and more as an organ for the 
dissemination of scientific knowledge. The technical articles will h^ve to 
be written in terse and lucid prose employing rhetoric, if necessary, to 
appeal to the popular mind. The editorial staff of the papers will have 
to include scientists, to ensure proper editing of these articles. 

Also, there should be a Scientific News Agency, just as we have 
^‘Reuters** for general news, and its function should be to provide scientific 
news in readable language for publication in the daily press for the benefit 
both of grown-ups and children. The subject matter and style should be 
adapted to the needs of children, if it is for the ^'Children\s Comer” ; for 
adults, it may be a little advanced, but, in no case, above the head of the 
man-in-the-street. 

In addition to the printed word, we should utilise exhibitions, the 
film and the radio as media of popular publicity. In fact, no possible 
medium should be left unexploited. 

SUMMARY AND CONCLUSION 

To summarise my proposals : The existing Board of Scientific 
and Industrial Research should be retained, but its membership should 
include a larger number of scientists thaS^ at present, so as to cover all 
branches of science, and the functions of the constituent bodies of the 
department should be slightly re-classified to prevent over-lapping. The 
official scientific services should be autonomous in their daily ofieration, 
but should co-operate with the above-mentioned department of research. 
A supreme National Academy of Sciences representing the existing 
scientific societies should be brought into existence to co-ordinate the work 
of i:he various scientific societies and co-operate With the Board of 
Scientific and Industrial Research in general scientific direction. Provision 
has also been made for bringing industry into contact with sdenoet and 
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* 

both, into contact with Govenyneat, and some indication given of the 
media of publicity that can be oseMly exploited. 

Many years ago, Andrew W. Mellon wrote: “It is science, not 
Government, nor wars of conquest that opens to ns new horizons”. Never 
were these words so true as today. It is research, and nothing else, that 
can develop our industries and improve our agriculture. It fe researdi, 
and nothing else, that can bring us wealth gnd prosperity in this age of 
competitive eflSciency. Today, research is progress, research is life. 
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SECTION OF MATHEMATICS AND 
STATISTICS 


President:—^. M. Sen, M.A., F.N.I., I.E.S. (Retd.)- 


1. On the differentiability of stej) functions. 

P. I). Shttki A, Lucknow. 

The object of this^^aper is to answer the following question: 

Does the existence of 4»'{0) for a step function 4(x) depend upon the 
existence of the metric density at a: - 0 of the set of values of x corre- 
sponding to the lines of mvariabilty of (}>(x) ? 

It haa been shown that the answer to this question is in the negative* 


2. On tho (lifi(‘reiitial equation of two dimensional viscous flow. 
B. R. Seth, Delhi. 

The solution of the differential equation of two dimensional viscous 
dow of a liquid is discussed in the two forms 


Ir-''4JS) and LtTfJir). 

0 0 

It is also shown hf>w the latter of the two solutions may be adapted to 
get any desired degree of accuracy for the problem of a Circular cylinder 
moving with a uniform v elocity through a viscous liquid. 


.3. Multi-stage sampling. 

P, C. Mahalanobis, Calcutta. 

A technique of large scale sample survey in which the area under 
investigation is divided into a number of zones from each of which a suitable 
numlmr of sampling units are selected at random (for observation or 
treatment) was found by the author to be appropriate for a certain type 
of enquiry (e.g. the census of acreage imder a particular crop). The 
corresponding theory was developed in certain memoirs and also dis- 
cussed at previous sessions of the Science Congress. For other types of 
enquiry estimate of the total yield of a particular crop) this procedure 
would he extremely expensive and a different technique has to be adopted. 
The whole area under investigation is divided into a number of zones 
(say K) each of wlii di is cut up into a number of imits each of which 
again infri a number of suh-iinits each of which again is divided into 
a number of smaller sub-units and so on till we get to the last stage. 
This is the population to be sampled. From each zone a number of units 
is seleote<i at random from each of which again a number of sub-units 
n* are selected from each of which again a number of smaller sub-imits n* 
are selected and so on till we get the last stage where we have actual 
observations in terms of which the total quantity under, investigation has 
to be estimated. The process of selection at each stage is random. This 
technique has been called one of multi-stage sampling. An estimate of 
the total quantity or value under investigation (e.g. yield of crop) has 
been worked out in terms of the last stage observations and variance of 
this estimate haa also been obtained. Subject to a given cost level and 
certain simple types of cost function (which, however, take into account 
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th© journej^^ cost) the best design (one leading to minimum variance) liaa 
been worked out giving the appropriate choice of ni, n®, etc. at different 
stages of this multi-stage sampling. 

4. On the distribution of the correlation coefficient when the ( 

variables are independent and one of them follows the 
normal distribution. 

C. Chandra Sekar and S. C. Bhofmik, Calcutta. 

The distribution of the correlation coefficient wlien the two variables 
are independent and one of them follows the normal law has l>een worked 
out and is foimd to be the stiiue as that given by Fisher when both the 
variables are drawn from iiulependont normal populations. 

5. Distribution of the correlation coefficient for 8am})l<^s of 

tliree when the variables are independent. 

C, Chandra Sekar and S. C. Bhoi mik, Calcutta. 

A method to assist in working out the distribution of tlie correlation 
coefficient for stiniples of three when the jx>pulations are independent is 
suggested and is illustraicxl in getting its distribution: (i) when the two 
populations folio w' the continuous recttingular law ; (ii) wlien tK>th follow 
the normal law ; (iii) when one foUo'ws the r©c*tangular and the other the 
normal law. 

It is shown that tlie distribution of the correlation coeflicient, hir 
samples of three, is independent of the form of the other population if one 
folio w^s the normal law. 

The distribution of the correlation coefficient, whattjver be tla? 
populations, is such that the chance of its lying in the three intervals 
— I to - to i and | to I is each equal to J. 

6. An asymjdotic exf>ansioii. 

K. Sankara Trivandrum. 

In this paper, a metliocl to obtain the ilotiiinant term <‘orrcwtjK>nding 
to the nature of a function at infinity is inditatcxi. It will lie ob«crve<i 
that there are wvxual methods of dcHlucing the form of a bmction at 
infinity, but tlie determination the absolute constant \ ory often recjuires 
heavy mathematical analj’si.s. 

Tlie asymptotic* form of thc^ function f{x) dofinod by the [lowcr seri<»H 
/■(a:) S(x^ jn !)* is studied in deWil. The method of iSttx»|>e«t Desf-ent 
gives the dominant term and the complete serios is ohtairwxl by finding th(^ 
differential equation satisfied by /(a:). 

7. Tlii fundamental theorem of linear cHtiination. 

R, C. Bose, Calcutta. 

Given n stochastic variates 7i, yg .V» whose expe<dation« 

arc linear fiinction.s of m parameters {m ??), Put * pm 

ni/i) = «,i Vi +ai2P2 + Pm (« ■ ' ■ - «) 

and which have a common variance* a», th<*ro aris«>H the probieJU of finding 
the boat unbiassed linear estimate of the parametric function 

P — 1 1 Pi 4T2P2 d- f in Pn 

i.e. the problem of finding a linear function 
y + » .... 

IB 
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the stochastic variates with minimum variance, whose expectation is 
P. When the matrix 

A = ((Oij)) » = 1. 2 n ; y = 1 . 2. m 

fhas the rank m, MarkoS has shown, that the required estimate is obtained 
by minimizing 

2^ (Vi^^xPl — ^21^2 —ImPmY^ 

with respect to the p’s, and substituting the values so derived in P, He 
also gives an estimate of the variance a®. The following theorem however 
holds irrespec^tive of the rank of A. 

Theorem: If P is an estimable parametric function, there exists on© 
and only on© linear function of the variates Y, for which E(Y) P and 
for which the vector 

y === (Ci, C2, Cn) 

is of the foncn 

y ~ “h^mOCwi 

whore aj, olq are the column vectors of the matrix A. This 

linear function provides the best unbiassed linear estimate of P. 

It has been showTi in the paper, that in all important applications 
this theorem can be directly used, without any recourse to actual 
‘ m inimizat io n \ 

Representing n-voctors, by lines drawn through the origin in a Euclid- 
ean space of n-dimensions, the r-space of the vectors aj, ag, tXm 

{r < m rank of A) may be called the ‘estimation space’, and the space 
absolut/oly orthogonal to it may be termed the ‘error space’. Oiir funda- 
mental theorem then merely states that there is a (1, 1) correspondence 
between the estimable parametric functions P, and the vectors y of the 
estimation space, such that (y. t?) = 4 - 02 ^ 2 + • * • is the 

best unbiassed linear estimate of P. Various other interesting properties 
of the ‘estimation ’ and the ‘error spaces’ have been proved. In j^articular 
the estimate of the common variance a®, is simply the square of the 

projection of the stochastic vector •»? == (yj, 2 / 2 » error 

space, divided by n — r. The actual value thus derived agrees with 
Markoff’s result when r == m. 

8. On the . problem of balancing in symmetrical factorial 
designs. 

R. C. Bose, Calcutta. 

In an symmetrical factorial experiment with m factors each at 
ft r= pn levels, every treatment combination can be represented by a point 
. . Xm) of the Finite Geometry EG (m, p*»), if the p” levels b© 
identified witli the p« elements of the Galois Field QF (p^). It has then 
>>een sliown in a previous paper (R. C. Bose and K. Kishen: On the 
problcvm of confounding in General Symmetrical Factorial Design. 
Sankhya, Vol. 5, pp. 21-3f3) uiat the comparisons between the (m— l)-fiats . 

of any parallel pencil carry (4#— -1) degrees of freedom. All the — 

orthogonal sots of (^—1) degrees of freedom are thus accounted for, and a 
complete enumeration of the various possibilities of confounding can b© 
made. Those results have been applied in the present paper to the 
problem of obtaining balanced sets of confounded symmetrical designs. 
This problem has been previously studied for designs of the type 4 ** and 
5 *" by K. R. Nair in two papers in the Sankhya (Vol. 4 , 1938, pp. 121—138, 
Vol. 5 , 1940, pp, 57-70). His method depending on the us© of orthogonal 
Latin squares works only when (5 — 1) is also a. prim© power. The us© of 
Finite Geometry and Algebra, dispenses with this resti^ction, and opens 
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out \^Ariou8 new possibiUties. For example, in the case of any deeign 
with plot blocks, consider the design for which the treatment com- 
binations falling in tlie same block, satisfy the simultaneous linear 
equations 

whore c 0, d 0, c d, anil the different blocks ara obtained by giving the 
cor^tants ?j , ^2 all possible values in OF (p*). The («— 1 )® designs obtained 
by giving a, p all possible non-null values in OF (p«) then form a net 
for which the second order interactions are balanced. This set may be 
called the set (c, d). Gi\'ing c, d various non-null values, we get <lifferent 
ba]ance<i st^ts. A suitable conibination of (s— 1) of the sets (c. d) when s 

is even, and of tlie sots (c, d) wl>en s is odd, loads a rtoinplete 

balance for the lird order interactions also. 


9. Bernoulli's theorem, and its analogue deduxod from 
Tsltebvcheft’s theorem. 

S. N. Roy and P. K. Bosk, Calcutta. 

Bernoulli's theorem on the probiibility that in a series of ft trials 
(wliere the cViance of success is constant from trial to trial and equals p), 
the number of successes m should be within a certain range of tVi© expecta- 
tion value, can be sttited as 


P 




> I - \f n > no(€, 1?) 


where € and i? are arbitrary small numbers and 


Oo(<. 1?) «E ; + log ; 

€ €*• ff 


( 1 ) 


(l.l) 


We can obtain a corresponding theorem as a sjxxiial t;as© of 

Tshebyc heff’s formula by introducing n stocliastic variables Xj, Xj, Zm 

oach of which ctm take values I or 0 wdth chances p or q. This theorem 
comes out as 

P I I ^ -p I < «| > 1-1J if n > no'{«, n) .. ( 2 ) 

where n© («> v) * • • • ■ • • 


Both (1) and (2) being inequality relations the question naturally arises 
.as to which of (1.1) or (2.1) gives a closer limit, that is, which of n0(f, ij) 
or (c, ij) is smaller. The ranges for c, rj in whi<!h we are interestod for 
purposes of this qu€>stion are evidently € -► 0 to I and 0 to I , The 
question was tackled by numerical -cum -graphical metliodH and it was 
found that on the (c, »j) plane and within the square (c 0 to I and *-♦ 0 
to 1) for a certain range including the origin Bernoulli’s tlioorem gives a 
closer limit while in the rest of the square Tsliobycheff gives a closer limit. 
But we are more inter^^jtod in the neighV>oiirhood of the origin, that is, 
for small values of («, i?) ; hence Bernoulli’s thwrem givt^ us the closer 
limit within the ra^e of practical interest. It is well known that 
Bernoulli’s proof of his theorem (1) is long and tedious compared with the 
proof of Tshebycheff’s theorem and of its special case (2) which gives an 
analogue of Bernoulli’s theorem. The above investigation shows ihat the 
extra labour involved in Bernoulli’s proof of his theorem (1) is well 
justified in as much as it gives a much closer limit than the analogous 
theorem (2) which can be proved much more easily. 
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10. Multi-variate analysis of vatianee when the number of 

populations is less than or equal to the number of 
characters. 

8. N. Roy, (Calcutta, 

^ The problem of p- variate analysis of variance can be regarded as 
one of testing in the light of sample readings the hypothesis that for 
p-variate normal populations with a common dispersion matrix !I , 
r=: . . . =tr (i — 1, 2, , . .p) where m^i refers to the mean 
of the i-th character for the Z-th population and / = 1, 2 . . . ifc. For the 
case of A; >- p this problem was tackled in 1939 by Fisher, Hsu and the 
author who introduced an appropriate set of p-statistics and obtained 
their jo**^** sampling distribution in the null hypothesis 

= . . = («: = 1, 2 p). 

The author obtained in 1940-41 and published in full in 1942 the joint 
sampling distribution of these statistics and also of some of their symmetric 
functions in 1942. The separate distributions of these statistics and in 
particular of the statistics which are numerically maximum and minimum 
were also w^orked out in 1942-43. 

The present paper solves the corresponding problem for the case 
p where we have in general (A;--l) statistics instead of p-statistics. 
This problem was considered some time ago by Hsu and others and a 
partial solution was given. The present paper attempts to give the 
complete and general solution of the problem of joint and individual 
distributions both for the null as well as for the non-null hypothesis. 

11. Tlie l of inter-block information in incomplete block 

designs, 

K. R, Naib, Calcutta. 

In iigri cultural field experiments, it has been found that, unless the 
field is very heterogeneous, the adoption of incomplete block designs leads 
inefficient estimates of treatment differences, if the whole of the apparent 
block differences is eliminated from such estimates. Wlien the block differ- 
ences arc not high, the efficiency of the estimates of treatment differences 
can be improved by pooling the iiitra-block and inter-block information. 
Tho process of doing tliis has been worked out in this jjaper for partially 
halanceil incomplete block designs, of which the quasi-factorial and 
confounded designs are special cases. The situation when some plots of 
those designs are missing has also been deitlt with. 


12. The impossibility of the symmetrical balanced incomplete 
block design A;=7, A=2. 

Q. M. Hussain, Dacca. 

The paper gives a method of obtaining a balanced incomplete block 
design direct from its definition. The method consists in filling up any 

one block with treatments 1,2, 3 etc., as many as there are 

plots in a block and then arranging these treatments in the other blocks 
fulfilling the tumditions of such a design. A second block is filled up 
with the necessary number of new treatments and the above procedure 
is repeated and so on. It must yield a solution if it exists at all and, 
over and above, all possible non-isomorpliic solutions can be enumerated. 
Ky this method it has been found that the design: (I) t)=6==22, 
r Jb = 7, A = 2 has no solution; (II) v = 6a=ll, r = A; = 5, A = 2 has 
only one non-isomorphic solution ; and (HI), v = 6 =16, r = A; = 6, A«= 2 
has three non -isomorphic solutions only. 
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13. Note on the enumeration of all possible non-isomorphic 
solutions of balanced incomplete block designs. 

H. K. Nandi, Calcutta. 

Mr. Q, M. Hussain in a paper to be published in a forthcoming issuer 
of the Sankhya gives a method for the enumeration of all possible non- 
isomorphic solutions of balanced incomplete block desi|^8. He has 
tried this method op, the 8>Tumetrical designs only (v = 6, r A:, A) and 
has shown the impossibility of the design: (I) v = 6 = 22, r A: » 7, 

A = 2 and also that (11) v=Tb=ll. r==A'=5, A=2 has only one 
non-isomorphic solution while the design: (III) i» = 6 = 16, r ^ k ^ 6, 

A == 2 has tliree non-isomorphic solutions only. In the present note the 
same method has been applie<i to the corresponding imsymmetrical 
designs obtained by block section (i.e. omitting one block and all the 
treatments belonging to it). It has been found that the design: v 6, 

6 = 10, r ~ ii, i = 3, A = 2 obtained from (I) by block section has 
also only one non -isomorphic solution while the design r — 10, b = 15, 
r = 6, Ar — 4, A == 2 obtained from (TI) has six non-ifwjmorphic solutions. 
The latter result in conjunction with (II) leads to the conclusion that the 
reverse process of block aeration, when applic'd to different imsymmetrif al 
designs, may lead to the same symmetrical design. 


14. On Stirling's approximation based on Fourier transform. 

(Miss) A. Geobge, Trivandrum. 

In this paper, a method of proving the Asymptotic form of Fix) 
for large x is given. Consider a stochastic variable z following the law 



0^2 


Then the characteristic function of the distribution is 


4>(t) 






' ('-^7 


For large values of a:, we write 


e 2*1 


Hence bv Fourier transform 


[-a)] 

, ^ r*-ij 

2 . 


Thus 


[m] 






e 2 


[£] 


Since the two functions in the above equation tend to become zom as 
for every value of z (4^ 1 ), we get 


(2w)***-* | e -* te - l )»/2 


rtx) 




tz=*s1 


= e* 


i.o. r{x)~{2ir)* e~^ 

It may bo noted that limiting forms of distribution functions as the 
one considered above give convenient Dirac functions. 
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(7) Section I, Mathematics <fe Statistics. 


16. On the arithmetic and the geometric means from a tjT)e III 
population. 

S. Janardana Aiyer, Trivandrum. 

« The present paper is based on the suniUtaneous sampling distribution 
of the ^arithmetic mean, X, and the geometric mean, (/, in samples of 
size n from a type III population defined by 


P{X) ^ 


m 


The following results are established. 




1 . 




e"^" 12SP 


.. 


mnX^n 
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[>I'(P)+ ^ +lo(? 








2. If My ^ = the mathematical expectation of X' g\ then 


(a) fi 


f.t 


(nP-f fjlnP-ht-h I) . . . (nP“f^+>‘— I) 


pn 


r^p) 


(6) The P coefficients of g and the congelation coefficient between 
X and g are determined. Their asymptotic behaviour has also been 
studied, 

2. (a) The regression of X on ^ Ims been established; but it takes 

a very complicated form. Even in the simple cases when n = 2, or n = 3, 
the expression for Xg is by no means elementary. 

(6) The regression of on X is linear and is given by 





It is interesting to point out p this connection, that even though 
the distribution of g and X is definitely non-normal, the same linear 
regression equation for gf on X is obtained by fitting a polynomial regression 
equation, the constants being determined by the method of least squares. 


16. Confidence interval for the correlation coefficient. 

K. C. Sreedharan Pillai, Trivandnim, 

The object of this paper is to study the power function of the 
Correlation Coefficient denned by Neyman-Pearson, corresponding to the 
critical regions based on — 

(1) Dr. U. S. Nair’s Probability statements regarding the ratio of 

Standard Deviations and Correlation Coefficient in a 
Bivariate Normal Population, 

(2) Fisher’s .^^'-transformation, 

(3) Miss A. George’s Shortest Confidence Interval method. 

The first of these methods gives a purely theoretical approach for 
testing the hypothesis p = po> without the direct application of the exact 
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distribution of r which is highly complicated. Fisher’s ^"^transformation 
is made use of, with advantage, to get the confidence limits of r and it is 
found from the examples worked out that the limits obtained by the two 
methods evince very little difference. With the help of the Tables of the 
Correlation Coefficient by Miss David tihe shortest confidence intervals 
for r ha^’c also been obtaint d. But this test shows more bias than the 
other two. HoweVer, as the sample size increases the bias be^^ins to 
disappear. 


17. On the constnietion of Invariate distribution functions 
satisfying the <'ondttion of zero- cor relation. 

K. (\ Sreedharan I^llai, Tiivandruru. 

In this paper it is jiroposed to dismiss a general method of con- 
structing distribution functions &t\tisfying the (condition of zero -correlation, 
the variates being not indejiendent. 

Consider two variates x and y, and let 

p-ix) and q^iy) {i -- I , n) . . ( 1 ) 


be sets of probability functions, such that 

j'p.{x) ilx— 1 
jq,(y) dyr \ 

the integrals being taken o\ cr the domains fr>r wliich ( 1 ) is clefiiUMl, 


Let 




j 


wliere ^ 1, the being pi>sitiv»> 

1 

Tlien the in {'2) arc adjuste«l t(» satisfy 

E{x, y) =--- . Eiy) 

which implie.s that correJaiitin betwi‘en x and y in 
Clearly P(x, y)^Jy.x) . Piy) in grrnral. 

If and y^ arc tiic rrieans of x^ and Ukj firsl t ondition in (4) gi\ ♦ s 


(2) 

(3) 

{4} 


2’ y, 


^ n nr” 

^•'*1 ^ 

\ JL i 




(3) and (5) lettd to the construction of distributifin ftinctions sfitisfvrng (4), 
The method is illustrated by examples of distribution furKiioiis 
consisting of two, three an<l four conip<ui<mts. Th<» regrcHf ion ctir\ cs in 
each caw are also <let€rniinc<l. 


18. Gem^ralized variaiu e of pofndaiionH. 

C. Eadhakrishna Hao, < alrutta. 

In the paper ‘The pf>riiric'ter t^fst in the j>ro!dem of classifk^atiOB ’ 
which formed a part of the thesis submitto/l to the I’aJcutta Eriivcrsity, 
a generalized mmvsure of divergence, with rf'Sfiect to the means of the 
characters, among k populations is given. The sample (‘Stimates of this 
measure l>oth in the classical and the stuflontizcxl fortm are uiie<l in Umim 
of significance. In the studentized form the variances and covariances 
of tlie several characters are all sUx hastic variables and may b€^r called the 
generalized variance of the first kind. New situiitioria arise wlicn^^the 
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Tn.« ^ covariarwes are each a constant times a stochastic variable, 
r ; variance formed with these may be said to be of the 
'« 'isoful in tMts of significance and classification of 
SinffTTif’ ’ we get generaUzed distance 

* SitS^ ^ ^ necessary distributions have been 


19. Qiiasi-latin squaren in exiierimcntal arrangements. 

0. Radhakkishna Rao, Calcutta, 

In ttie thesis autimittod by the author, in 1943, to the ('alcutta 
University, it was shown how the design of experiments consists of the 
fundamental problem together with the problem of balancing and the 
construction of designs. Every experimental design is a mathematical 
solution to a combinatorial problem diretdly deducible from the mathe- 
matical model sot up by Ihe necessary baiance, block size, number of 
replications, et<^ These problems are dealt with, in detail, in the ease of 
uioomplote block ilesigns. These ideas are extended to quasi-latin square 
amifigomonts htkI two tundamciiitiil types each giving two sub-types of 
designs Hiniilar to the partially balanced and the intra- and inter-group 
balaneefl designs have been discovered. Double confounding in factorial 
6X|»eriinents cfiinos out as a special ease. 


2(1. On (‘ortiiin. tnirinfonuationH in gonoralizod hypcrgconiotric 

serins. 

B. N. Bose, Dacea, 

The object of the note is to obtain various expansions involving 
Iiypergf‘oinotric functions and to ext^n<l Kummer's theorem. It has been 
shovvii that 1 — ^ is always expressible in a finite 

SCI icH, if 7. l,>o ail integer, }.»ositivc or negative. 


21. Some studies iu Mahalanohis\s correlation function. 
Birenokanath Ghosh, Calcutta. 

1 rof. Mahaiaiiobis lias introduced the conception of correlation 
function, for dealing witli the problems of sample surveys, especially for 
iiomraudom or patterned fieli.ls. In this paper it lias been attempted to 
construct fields— both algebrau? and stochastic (and their (*om binations 
as well)— -to follow given forms for the correlation function. Fields 
have been constructed and discussoi for p equal to 0, 1, negative or when 
it is generally periodic or ])ure simple harmonic. Some fields have also 
been constructed which follow Mahalanobis’s specifications for 'natural’ 
fields, namely p is positive and gradually tends to zero as the interval 
incro^^ses. In this connection it has been pointed out that there are 
two pliysic-ally distinct types of correlation function, inter-class and 
intra-class: the inter-relations between these two types have been dis- 
euwod and illustrated with simple fields. 

The generalizations to the A'-diincnsional fields arc easy and !ia\^ 
been indicated. 



SECTION OF .PHYSICS 

President: — D. S. Kothabi, Ph.D. (Cantab.), F.N.I. 


Mechanics and General Properties of Matter 

1. A note on exudation phenomenon. 

A. G. CiioWDHURY, Delhi. 

Observations >iav'e been taken under different conditions of the 
phenomenon of exudation and its relation with the phenomenon of tears 
of wine has boon discxisseci. 


2. An optical extensoineter for the determination of elastic* 
constants. 

K. R. Ohaudhari and D. V. Gooate, Baroda. 

A simple method based on the lateral sliift of an image by a refracting 
glass cube is describeti for the determination of Young’s modulus, rigidity 
and Poisson’s ratio of various materials. 

The apparatus consists mainly of a travelling microscope rea<liiig 
up to 0*002 cm. and an optically true glass cul:)e mounted on a drum 
which is rigidly fixed to a frietionlees wheel, the latter being free to rotate 
about the axis of the drum. The values of elastic constant-s obtained by 
using this simple extensometer are found to be in excellent agreement 
with the usually accepted experimental values. The extensometer is also 
used for measuring the linear coefficient of expansion of different materials 
and is found to give satisfactory results. 


3. Reynold’s number and liquid helium IJ. 

D, V. Gckjate, Baroda. 

The peculiar properties of liquid helium below the A-jjoint, viz. a 
discontinriity in its specific heat, a decrease in its viscosity, the thermo - 
mechanical effect, etc. which have been discovered in recent years, liav© 
not received a satisfactory^ theoretkjal explanation so far. The flow of 
liquid helium II ap]r>ears to be remarkable because it is almost independent 
of pressure. 

In this paper the three types of flow, viz. Poisauille’s flow, turbulent 
flow and liquid helium flow, are discmssed from tlie dimensional }x>int of 
view. It is found that these three types of flow can be represented by the 
general relation F =- where F is the volume rate of flow through a 
capillary under a pressure difference p, A is a constant and n is ecpml to !♦ 
J and zero respectively for the three types of flow. It is then shown that 
on dimensional considerations the Beynold’s number upDfij must remain 
constant in the c?ase of liquid helium flow, the constant depending* of 
course, on temperature. Also the velocity of flow will be inversely pro* 
portional to the diameter of the capillary tube and the volume rate of 
flow will vary as the first power of the radius of the tube. 

( 12 ) 
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Section II, Physics. 


Heat and Thermodynamics 

4, The kinetic theory of rubber. 

F. C. AtrnucK and D. S. Kothari, Delhi. 

The (isothermal) Yonng*8 modulus of ideul rubber is determined by 
statistical methods. The macrostate of a chain-rnolecule is here defined 
in terms of its length and not in terms of the distance between the ends 
of the chain. Section 1 deals with thermodynamical results holding for 
ideal rubber and in section 2 the treatment based on ends-separation of 
the molecule-fhain is described. Section 3 treats the problem on tlie 
basis of tlie length of the molecule-chain. 


5, Energy spectrum for ‘holes* in a liquid. 

F, C. AuLtrcK and D. S. Kothari, Delhi. 

Tn some of the recent theoretical studies on the liquid state, a liquid 
has been represented as a continuous medium permeated with ‘holes’. 
For the holes-model of a liquid, it is important to construct formally the 
Schrodinger expiation for a hole and determine its energy. The energy is 
given by 

y * 

E„ = 8-6 X 10~“ 

pf\ 

where n is an integer including zero, a denotes the surface tension oi the 
substonce and p is the tlensity. The ‘classical radius r’ for a hole in the 
ground stfitc is found by w’riting Eq 4trr‘-*cr which for liquid helium gives 
about four times the classical radius of the helium atom. The discrete 
energy spectrum of the holes may rev^eal its presence in scattering and 
ultra-sonic plienomena. 



(>, Boiling point teinjx?raturo and the viscosity of a gas, 
A. K. Datta, Delhi. 


The viscosity of gases were foimd to be represented by an equation 
of the form 


or 


where 



X exp. (1 ) 

Vfi ^ \ x/ 

Tff iB the boiling jx>int temperature and the 


viscosity of the gas at that temperature. The relationship was fixed and 
found to hold good for air. A, O 2 , CO, CO 2 as well as vapours like 

CflHfl, CS 2 , CHCI 3 , CCI 4 , etc. throughout the range of temperature wh©i» 
viscosity measurements are available. The second equation gives us a 
universal curve to determine the viscosity of any gas or vapour at any 
temperature when its boiling point temperature and the viscosity at any 
temperature is known. 


7. Liquid state and Bose- Einstein condensation. 

R. N. Rai and D. S. Kothari, Dellii. 

The theory of the liquid state has been the subject of numerous 
investigations during recent years. FCirth. has considered a model where 
the liquid is assumed to be a continuous metliuin permeated with ‘holes’. 
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In view of the suggestion of London that liquid He 11 represents matter 
in the state of Bose-Einstein degeneracy, it appeared worth while to extend 
Forth’s theory to the degenerate gas. Assuming that the number of holes 
cannot exceed the number of molecules present in the liquid it is found that 
the Bose-Einstoin condensation will occur when the temperature is reduced 
below 

15 1 7 

T - 

^ 577 Mp h ^ 

where a is the surface tension, p the density and M the molecular weight 
of the liquid. For the case of liquid helium this gives for T the value 12‘3®A. 
whereas the experimental value is 2-2°A. 



Molecular, Atomic and Nuclear Physics 

8. Measurement of the brightness of the zenith sky during 
twiUght and an approximate estimate of the number of 
atomic transitions producing A5577 in the atmosphere at 
night. Part III. 

M. W. Chiplonkar rind J. D. Ranade, Bombay. 

In continuation of the previous work by the present authors further 
intensity measurements were carried out at Poona during the morning and 
‘ evening twilights in the clear months (March and Ajiri!) of 1943. As 
suggested in the previous communication we have used in the present 
measurements the two colour filters: (1) Greon filter VOi (Schott and 
Genossen); (2) An auroral filter (a combination of three Schott and 
Genossen coiot.ir filters). This combination transmits a naiTow spectral 
region ol about 160 A.U. around the green auroral line A5577. For every 
twilight two curves were drawn, one for each filter used, showing the 
variation of log (l/r-) against (0), the depression of the sun below the 
horizon. For both the filters used, the zenitfi sky was on the average 
slightly brighter during evening tlian during morning twilight. Over the 
whole range of observation (i.e, 6 = 4® 30' to 18"^ and more) it was found 
that the auroral filter curve always lay below the green filter curve. ;This 
difieronce at first increases witli 0, reaches a maximum at about ^=12'‘-13‘^ 
and again decreases, finally reaching a steady value beyond 0 = 16°. 
For the night conditions the average values of the ratio Green /Auroral 
intensity are 3*08 and 3*23 for the morning and the evening twilight 
respectively. Expressed in absolute units the average auroral intensity 
observed just before the beginning of morning twilight greater tiian 
18°) at Poona (1943) is 1*269 X 10“^ candles per sq. metre, which following 
Bayleigh’a method represents about f)’772xlO^'^ atomic transitions 
emitting A 5577 in the atmosphere per sec. per sq. metre. The correspond^ 
ing value de<luced by Rayleigh from his measurements on the night sky 
in England is T81 X 10^- atomic transitions per sec. per sq. metre. 

0. On the range of teiLsor neutron- proton interaction. 

PxiiTAM 8 kn, Delhi. 

The existence of tensor interaction from a descriptive picture of 
nuclear forces was predicted by Wigner in 1937 and has been used to 
explain the quadrupole moment of the deuteron. Rarita and Schwinger 
assumed the spherical and the tensor parts of the neutron-proton interac- 
tion to be rectangular wells of same range and found discrepancies in the 
magnetic moment of the deuteron and the photo-electric cross-section. 
TVie binding energies of and He^ also have been found to be unsatis- 
factory. In this paper the effect of the variation of the range of the tensor 
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interaction is considered. For mathematical simplicity and as expected 
from the field theory the range of tensor interaction is taken less than tliat 
of the sx^herical part of the neiitron-proton interaction. And we tried to 
get the best agreement for the magnetic moment of the deuteron. It is 
found the agreement is best when the ranges are equal, i.e. as in Rarita 
and Schwinger’ s ap proximation , Then using an error potential coirespond - 
ing t6 the rectangular well potential the binding energies of He^, Li® and 

are found in the central field approximation and the results indicate 
the non-saturative character of the tensor forces, as already pointed out 
by Volkoff for heavy nuclei. 

](). Seasonal variation in the radon content of Trivandrum 
spring water. 

A. O. Mathai, Trivandrum. 

A new type of emanation electroscope is described with which the 
radon content of a spring in Trivandrum was studied monthly for one year. 
The activity of the source was foimd to remain practically steady through- 
out this period independent of the rate c>f flow of water. The average 
radon content of the 8j>ring is 8-49 X 10“^® Curies per litre which is only a 
lOOth of that detected by the Rev. A. Steichen for the hot springs of 
Tiiwa in Bombay, The behaviour of the spring is compared with the 
seasonal variations observed in the case of other springs and the probable 
nature of the distribution of radium in the laterite formation from which 
the spring originates is discussed. 

11. Radioactivity of Warkala waters. 

A. O. Mathai, Trivandrum. 

The famous freshwater springs of Warkala m Travancore have been 
examined for their radioactivity using an emanation electroscope. While 
the average radium content of the spring has got only a very low value 
of the order of 10^^® Curies per litre, that of one among them, which is 
most reputed, is nearly ten times this value. Judged side by side with 
similar observations made over continental Europe, it is shown tliat there 
is reason to believe tliat at least to some extent the therapeutic value of 
the spring is due to its radioactive contents. No trace of dissolved radium 
was detected in any of the specimens collected from the locality. 

12. Estimation of radium in the monazite sand and rocks of 

Travancore. 

A. O. Mathai, Trivandrum. 

The radium content of monazite sand and certain igneous rocks of 
Travancore has been estimated by the solution method using an emanation 
Gold Leaf Electroscope constructed by the author and standardized by 
using a standard solution of radium bromide. The average radium 
content of monazite sand is 12-32xl0~'® gm./gm. which is of the same 
order as that present in the Brazilian mineral. The average value obtained 
for the three types of granites examined, including that obtained from the 
Western Ghats is 2-16 x 10-^* gm./gm. which is in close agreement with the 
value obtained by J. Joly in 1911 for the radium content of the basalts of 
the Deccan. 

Electricity and Magnetism 

13. Magnetic susceptibility of some acetates in solution. 

K. N. Mathtir and S. N. Singh, Lucknow. 

In the present investigation the magnetic susceptibility of solutions 
of acetates in water has been determined. The susceptibility-concentration 
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curves have been drawn. In case of sodium acetate solutions no deviations 
from additivity law has been observed, but the solutions of ammonium 
and lead acetates show large deviations. The susceptibility-concentration 
curves in the case of ammonium and lead acetate solutions show breaks 
at certain concentrations. A probable explanation of these breaks has 
been given. 

14. A study of tlio variation of the s])ecific resistan/^e of somo 

polycrystalline wires with plastic torsion. 

N. Ram Lal, Hyderabad, 

It was sliown by Clialmers that the variation in the specific resistance 
of polycrystalline wires when they^ were stretched, w as due to the rotation 
of their crystallites. These results were tested by X-ray methods by 
Gibbs and the author. In the present paper an attempt is made to study 
the change in the specific resistance due to torsion. For ssinc (hexagonal) 
the resistance increases witli torsion both at room temperature and at 
98 '’C, For aluminium (cubic) tViero is no change in the resistance. These 
results have been si\tisfactorilv explained. The work continues on other 
substances and X-ray tests w ill be applied. 

15. Dip circle for measuring the earth’s vertical field. 

T. C. Sebastian, Trivandrum. 

• A Dover dip circle has been adapted as a vertical intensity 
magnetometer by the substitution of the dip needle with a specially 
constructed variometer neiedle of the Schmidt pattern. Calibration of the 
instriunent using an auxiliary magnet is also described. The arrangement 
is particularly suited for magnetic surveys, permitting the measurement of 
variations in dip and vortical intensity of the earth’s magnetic field. 
The instrument is now being used for the magnetic survey of certain iron 
ore bearing regions in North Travancore, 


Spectroscopy 

16. On the band spectrum of phosphorus. 

K. N. Rao, Kodaikanal. 

The phosphorus bands were excited by passing an uncondensed 
discliarge through phosphorus vapour and throe aspects of the band 
spectrum of phosphorus were studied. Firstly, a fine structure analysis 
of the bands (9,21), (5,21), (5,18) and (4,18) was made and the rotational 
constants for the levels v' ^ A and 5 and v" ^18 and 21 w’ero nowdy^ 
obtained. From tliose the following values of He and a were obtained 

for the two vibrational states: 

Be' = 0-2420; a' -= 0 (>(>17; Be" = 3187; a" = 0-0021. 

• It has also been found that the perturbations pointed out by Herzberg 
associated wdth the level v' = 5 are only vibrational. 

Elaborate quantitative determinations of the intensities of the lines 
in the (9,21), (5,18), (5,21) and (0,22) bands were ma<le. The average 
value of the alternating intensity ratio was obtained as 3-0 giving a value 
of i for the nuclear spin of the P 2 molecule. 

Lastly, a search was made for the possible presence of the molecule 
of phosphorus in the solar atmosphere by studying the correlations 
between the laboratory wavelengths of the (8,27) and the (9,28) band 
lines in the near ultra-violet and those of the Fraunhofer lines recorded in 
the Rowland tables. It was concluded that the molecuile of phosphorus 
exists in the solar atmosphere. 
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17. Effect of iodic acid on the principal water band of the 

Raman spectrum. 

J. R. Saraf, Lucknow. 

As a complementary study of the structure of the iodic acid molecules 
in solution, the present investigation reports the frequencies and intensities 
of the three components of the water band scattered in aq. solutions of 
iodic acid of concentrations ranging from 0-03A to 4-5A. The three 
frequencies Av 3213 (36*9),* 3424 (40-3) and 3613 (22*8) observed in 0‘03A' 
solution, shift to 3353 (31-3), 3519 (37*6) and 3620 (31’ 1) respectively when 
4-5-?V' solution is used, indicating a relative increase in the intensity of Av 
3613 which is attributed to free H2O molecMiles. The solute has been 
shown to cause a loosening and finally breaking up of hydrogen bonds 
uniting different HgO molecules and as a result the number of free H2O 
molecules increases at the expense of the bonded ones to which A*' 3213 
and 3424 are attributed. 

Of all the afjids studied so far, iodic acid is found to show the largest 
shift in frequency of the water band — a fact which may be due to the 
associated condition of the acid. 

18. Complete Raman spectrum of the thiocynate ion. 

J. R. Saraf, Lucknow. 

The Raman spectra of KCNS and NH4CNS solutions (aq.) show two 
Raman lines at Ar 2667 and 767 in conformity with the observations of 
previous workers. The polarization measurements show that both tiie 
lines are polarized. 

The fact that A v 2667 is polarized shows that the S('’X ion possesses 
a bent unsymmetrical structure rather than a linear one. Such a con- 
clusion has also been drawn by Bussem, Gunther and Ttibin {Z. phyftik\ 
Chem., 24B, 1, 1934) from an X-ray study of thioeynates. 

The effocit of KONS (80% aq.) on the principal water band has also 
been studied. It is found that the shortest com]>onent of the v ater band 
becomes very weak, while the central maximum is split up into throf' 
components. 

19. Flame bands and Hutchinson’s theory of intensities, 

N. R. Tawde and J. M. Patel, Bomba^y. 

8wan bands in oxy-coal gas fiames and air-coal gas flames have been 
examined. The fiaine was obtained as a jet from blow -pipe type of 
burner spec udly prepared for the purpose. Keeping the gas pressure 
constant, the pressui'e of oxygon or air was varied to give a certain ratio 
of pressures for coal gas to oxygen or coal gas to air. Two such ratios were 
selected for observation in each case, viz. 1-25 and 2 0. Intensities of 
bands under these conditions were ine^isured by the rigorous methods of 
photographic photometry employing teehidque developed by the author 
and his collaborators. Tiie results have been compared with the tlieoreticat 
values computed from Hutchinson's intensity integral. The comparative 
rdles played by oxygen and air during the energy' processes in their com- 
bustion wdth coal gas have been examined. The follo^ving conclusions have 
been drawn: — 

( 1 ) The experimental results depart considerably from the theoreti- 
cal values except for the bands of lower quantum number, 
but comparatively, oxy -flames examined behave in closer 
approximation to theory than the corresponding air-flamed. 


* Expressed as percentage intensity. 
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(2) With the given pressure of coalgas in the burner, the air pressure 

has to be increased to about 1*6 times the original value to 
correspond to radiative characteristics of the oxy -flame at the 
lower oxygen pressure. 

(3) Theoretical results with quantum numbers of bands interchanges^ 

are in closer approximations with experiment than with 
normal quantum numbers. 

20. Direct method of measuring relative intensity distributions 
in line and band spectra. 

N. R. Tawdb, Bombay. 

Direct measurements of spectral intensity distributions liave been 
made by an apparatus set up with the final aim of verifying similar measure- 
ments made by photographic photometry which has so far remained the 
only convenient and accurate method in the field. The arrangement 
consists of a rectifier type photo-cell as receiver connected directly to a 
galvanometer. The deflections of the latter have been amplified by an 
improved Barnes-Matossi type relay. The details of the apparatus and 
the experimental technique have been describcKl and the precision of 
measurements estimated and fully examined for various factors. 

The apparatus as evolved has been used to compute temperatures or 
relative intensities, as the case may be, by measuring the distribution of 
flux in the following : — 

(i) Spectra of sources emitting continuous radiations; (a) Point- 
o-lite lamp operated under two different voltages, (6) the 
special G.E.C. lamp. 

(ii) Line spectra of mercury arc excited at seven different current 
values. 

(iii) Copper are lines. 

The results have been discmssed and csonclusions regarding the 
limitations of the method liave been given. 

21 . A new interpretation of subsidiary bands in crystal 
luminescence. 

C. S. Venkateswaran, Trivandrum, 

The Imninescence spectra of crystals, e.g. diamond, ruby, uranyl 
salts, etc., in general, consist of a complex system of bands. These are 
classified as (1) primary bands characteristic of electronic transitions in 
the solid as a whole or in the atoms constituting the solid, and (2) sub- 
sidiary bands characteristic of the crystal lattice. Recent investigations 
of Nayar (1939-42), Anna Mani (1942) and others have shown that the 
latter group of lines (or bands) owe their origin to the vibrations of the 
lattice. It is assumed tliat the lattice vibrations in the crystal result in 
the splitting of primary electronic transition levels and in the production 
of subsidiary levels in the crystal, enabling new transitions to take place. 

The following alternative mechanism regarding the origin of these 
subsidiary bands may be sug^S^ted* It is a well-knowu fact that the 
intensity of Raman scattering in crystals is of the same order as that of 
Rayleigh radiation. In the ordinary solids which are micro -crystalline, 
the primary fluorescence light, which is emitted as a result of a photpn 
^counter with the electrons in the crystal and its associated transitions, 
i$ scattered subsequently by the crystal lattice. The two processes are 
separate events, but occur successively. The scattering^ is as pure, as in a 
single crystal and the stray reflections which enhance the intensity of the 
unmodifled line in the Raman effect in crystals is almost completely absent. 
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The above interpretation of the subsidiary bauds doM not involve 
the splitting of the primary electronic levels by the lattice vibrations. 
The selection rules for these bands are the same as for the corresponding 
Raman lino. They can be easily identified by their similarity to the 

f irimary fiuoresoenoe band in breath and intensity distribution and b^ 
heir Stokes’ and anti-Stokes’ relationships. A classification of the subsi- 
diary bands to Raman and non-Raman bands has been carried out in a 
few t3rpical cases. 

22. The rotational frequencies of some simple molecules from 
their specific heat data. 

C. S. Venkatbswaran, Trivandrum. 

A brief review of the specific heat theories of Debye, and Bom and 
K&rman and of Raman is given. A method of deducing the rotational 
frequency of molecules from specific heat data is indicated and the corre- 
sponding frequency for a number of simple molecules is evaluated. These 
data are discussed in relation to the Raman and infra-red spectra and the 
Lindemann frequency obtained from the melting point of the compound. 


Light 

28. Experiments in scattered light. Angles of first minimum. 

R. V. Tamhankar and 6. R. Paranjpe, Bombay. 

Starting with Mie’s formula, the distribution of intensity of light 
scattered in the region of the transmitted direction has been^studied theo- 
retically for four drop-sizes of water vapour, viz. a = 15, 20, 25 and 30, 
where a represents the ratio of the circumference of the drop to the wave- 
length of the light used. The range verified in the present investigations 
was 150-180. The calculations reveal that a sharp minimum of intensity 
exists in the range considered and that it has to be ascertained very 
carefully. This minimum, which is here termed as ‘the angle of the first 
minimum on Mie’s theory ’ may be correlated with the first order corona 
ring for the drop -sizes consider^. 

The theoretical results have been verified experimentally for the first 
time. The scattered intensity has been measured by the use of a photo- 
electric cell coupled with a suitable amplification arrangement. The results 
have been compared with Mie’s theory and also with the first order corona 
ring. A fair agreement is found to exist in the cases considered. 

24. On parabolizing a 24^" reflector. 

S. Hariharan, Trivandrum. 

In connection with the grinding, polishing and figuring of a 24^ glass . 
paraboloid for a reflecting telescope— the largest of its kind in India — ^the 
author has worked out the technique of parabolizing polished concave 
surfaces. 

The eqwtion for a paraboloid is = 2J?a?, where the focal length of 
the mirror is i?/2, y is the perpendicular distance of any* point on the 
mirror from the axis, a?, the depth of the mirror below the chord joining 
the two^ points at a distance of y from the axis. To construct a perfect 
parabolic mirror, the radius of curvature i? should vary firom 0 to its 
maximum value at its edge in a regular fashion. The usual method of 
achieving this is to control the radius of otirvature firom zone to zone 
during the process of figuring. For this purpose the author has made uae 
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(1) the Foucault's knife*6dge method, and (2) the Hartmann method, 
for determining the zonal values of M with suitable modifications. The 
papw describe the details of the processes adopted and the results 
obteuned. 


Electronics aftd Ionics 

25. On the origin of the secondary extra reflections. 

K. Bankbjeb, Calcutta and C. K. Bose, Dacca. 

Lonsdale observed that in the more common variety of diamonds 
which is called class I, over and above the ordinary extra refiections, 
very sharp spots or streaks or both appear according to the orientation 
of the crystal. These are not appreciably temperature sensitive and are 
absent from the rare variety of diamonds <^led class II. Since the class X 
diamonds show greater extinction than the class II, she concluded that 
in the former internal strains exist while in the latter due to greater 
mosaioity the internal strains are relaxed. These sharp extra spots and 
streaks are, according to her, the result of the internal strain. 

In the case of phloroglucine dihydrate it has been found that the 
secondary extra reflections can be photographed as a two-dimensional 
difiraction efiect, by allowing the X-ray beam to be incident along the 
c>axis. The two-dimensional diffraction spots are found in the photographs 
taken to be extremely sharp having holes in the interior of the spots. This 
^ows that only the outer portions of the crystal plates give rise to the 
secondary extra reflections while the inner portions do not show any such 
effect. According to Lonsdale's theory one should rather expect the 
opposite effect, as it is more probable that the outer portions of the crystal 
should show greater mosaioity and consequent release of strain than the 
interior. 

26. Rectification in discharge tubes. 

K. R. Chaudhabi, Baroda. 

Recently Chiplonkar has made some quantitative investigations {Proc, 
Ind, Aca. Sc., 10 , 1939, and 13 , 1941) of the phenomenon of rectification 
in discharge tub^. His work is mainly confined to the study of the 
precise r61e of electrodes, their relative Bizm and the inter-electrode 
distance in determining the rectification effect. This paper deals with a 
detailed study of rectification phenomena in air. The enact in hydrogen 
and CO has also been partly studied. 

It ap|>earB from the experimental data that the maximum value of 
the rectification ratio /> decr€34]kse8 with increasing density. The relation 
between p and pressure lias been quantitatively studietl. The pollution 
of electrodes by CO and other effects are also discussed. 

27. Influence of temperaturt? on the dissociation of strong 

. elecitrolytes. 

N. Rajeswara Rag, Guntur, 

In this paper, the effect of temperature on the dissociations of sulphuric 
acid, bisulphates and iodic acid is discuBse<l. In all these cases, the 
sub^nces are found to dissociate less at higher tenq>erature. While for 
concentrated sohitions of sulphuric acid, the rat.e of decrease of disaocia* 
tion with temperature is less in dilute solutions, in the other cases it was 
found to be larger leading to the conclusion that at higher temperatures, 
the rate of dissociation with dilution is less for the latter type of substances 
and more for the former, 

2B 
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Borderline Fields 

28. Relative abundance of isotopes and thermodynamic 

^ equilibrium. . 

. D. S. Kothari and R. N. Rai, Delhi. 

The relative abundances of isotopes are used to determine the 
temperature and neutron concentration for an assembly (in thermodynamic 
equUibrium) in which the isotopes in their present proportions would 
constitute an equilibrium mixture. For an element wluch possesses three 
or more isotopes, the above-mentioned properties of the assembly can be 
determined from the relative abundances of its own isotopes. But in the 
case of elements possessing only two isotopes, we have to make use of two 
elements. The tenmerature of the assembly in both cases can be readily 
estimated from the figure given in the paper, and the neutron concentration 
is also easily obtained. In the case of some elements the temperature 
comes out to be negative. The rdle of non-equilibrium reactions in 
determining relative abundances of elements is mentioned. 

29. Rainfall zones of the Patiala State. 

L. D. Mahajan, Patiala. 

The rainfall in the Patiala State has been studied. The area of the 
Patiala State, which forms the south-eastern part of the Punjab, has been 
divided into zones, having different ranges of rainfall. These zones run 
roughly parallel to one another and to the Himalayan ranges from S.E. to 
N.W. direction. The rainfall decreases from the N.E. to S.W. direction. 

The views of the early workers on the rainfall zones are discussed in 
the paper. 

30. ^ Coercive time ’ and ‘ residual ’ humidity of hygrometers. 

L. D. Mahajan, Patiala. 

The relative humidity as indicated by a hygrometer increases rapidly 
in the beginning, but this rate of increase decreases rapidly with time. 
After the hygrometer lias attained a constant value, and the R.H. of the 
surrounding medium is reduced to the initial value, the reading as indicated 
by it decreases rapidly in the beginning, and the rate of decrease falls 
rapidly with time. Thus the instrument when the humidity is increasing 
gives a curve of a different shape from that when humidity decreases with 
time. On the return path, it takes a longer period to represent the 
initial reading. The additional time taken is the ‘coercive time*. More- 
over, after the same interval, it represents higher value tlian before. The 
difference is called here the residual humidity. 

In this paper, the methods used for the above purpose, the values of 
coercive time and residual humidity, and the discussions of the results are 
given in detail. 

31. The lunar atmospheric tide at Bangalore, 1895-1904. 

C. Seshachar and V. R. Tiruvenkataohar, Bangalore. 

The lunar atmospheric tide at Bangalore has been determined, using 
the data for 1895-1904, The result is that the semi-diurnal component of 
the annual mean tide at Bangalore may be represented by 46 sin (2^+84®). 
The seasonal variation of the tide is similar to that at most other stations 
in that the amplitude and phase are minimum in winter. The dependence 
on lunar distance is also well shPwn, the amplitude at Apogee being much 
less than that at Perigee. A comparison of the results iot j^n^ore and 
other stations at different altitudes suggests that the amplitude diminishes 
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with mocreasmg altitude — a oouoluaion opposed to the one arrived at by 
Pramanik and others. 

32. Dual and self-dual tensors in .wave- tensor calculus. 

Bkij Nath, Arrah. 

In ordinary tensor oalculus, corresponding to an antisynunetrio 
tensor there are two dual and two self-dual tensors. But in the wave- 
tensor calculus, there are six dual and six self-dual tensors corresponding 
to an antisymmetric A?-numbers. These tensors cannot bo obtained 
from one another by relativistic transformations. 


Radio 

33. EflFect of water vapour in tlie atniospliere on the propagation 
of ultra-short radio-waves. 

S. S. Banerjee, Poona. 

In view of the wide applications of ultra-short radio -waves, specially 
in connection with television, aviation and radio sounding balloons, an 
attempt has been made to calculate the amoiuit of bending of these 
waves during their passage through the normal lower atmosphere over 
India when l^en with moisture up to different levels. It has been shown 
that water vapour may be capable of bending these waves along the 
curvature of the earth or even more. 

Two possible C€k8es have been considered for calculation. Firstly, 
when the air is saturated up to a certain level end contains water in the 
vapour form only. Secondly, when such a layer is pushed up by one km. 
due to convection or any other meteorological phenomenon, assuming 
that there is no loss of water during the process and the excess of water 
condensed due to lowering of temperature is suspended in droplet form 
without formation of ice. 

It has been shown that in the normal atmosphere over Poona in the 
month of May, saturation up to a level of 3 to 5 km. will be capable of 
bending ultra-short waves along the curvature of the earth ; and when the 
lower layers of the atmosphere are raised, pronounced bending may occur 
at lower levels which may cause fading of sigimls and also give rise 
meeksorable errors in actual bearings while loc^ating an aircraft or a radio 
sounding balloon. 

34. Critical survey of recent theoretical work on ionosphere. 

A. Pande, Delhi. 

In recent years a number of theoretical papers have been published 
on Ionosphere. After a study of those papers one finds a great deal of 
inconsiBtencies in the various results and assumptions. In this paper the 
‘Whole theoretical work on ionosphere has been dividcnl into the following 
six sections : — 

(1) The determination of ionization densities of E and F layers. 

(2) The propagation of electromagnetic waves through Ionosphere. 

(3) The dissociation, recombination and attachment processes in the 

Ionosphere. 

(4) The determination of electron collisional frequencies in the 

Ionosphere. 

(6) The temperature and compositions of the Upper Atmosphere. 

(6) The pretctical applications of the theoretical work. 

The paper ^ves a critical discussion of previous work on this subject 
and the underlying assumptions have been thoroughly examined. Fim^y , 
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the necessity for calculating the temperature of the Upper Atmosphere 
from independent data has been stress^. 

36 . Investigation on the dielectric properties of different Indian 
soils at medium radio frequency, 

• J. N* Ray and S. R. Khastgir, Dacca. 

The effective dielectrio constant and electrical conductivity of 
different soils from various parts of India were determined on medium 
radio frequencies under various controlled conditions. From these data 
the true dielectric constants were evaluated. 

The following studies were made: — 

(1) The effect of packing. 

(2) Variation of the soil constants with moisture content. 

(3) Variation of the soil constants with frequency. 

(4) The effect of temperature. 

(5) Comparison of electrical constants for soils from different places. 

A general interpretation of all the experimental results is given. The 
variation of the soil constants with frequency has also been examined in 
the light of Debye’s theory. 



SECTION OF CHEMISTRY 

Presided : — ^R. C. Ray, D.So., P.I.C. 


Inorganic Chemistry 

1. Tervalent silver compounds. 

Pexyadakanjan Ray and Kshitis Ranjan CJhackbabahty, 

Calcutta. 

A number of four co-ordinAted silver ethylenedibiguAnide salts, in 
which the central silver atom shows rather strikingly a primary valency 
of three, has been prepared. Their composition is given by: 

[Ag^«En(BigH“)*]X3, 

where X = SO 4 , NOa, CIO 4 , or OH, and En(BigH )2 = one molecule of 
ethylenedibiguanide == CgNioHia, which behaves as a quadrideniate mole- 
cule. The salts form beautiful, necKile-shaped, prismatic crystals of deep 
red colour, the base being violet-red, and are quite stable at ordinary 
temperature (20*— 25"). The nitrate can be recrystollized from dilute 
nitric acid. 

The salts liberate two equivalents of iodine for every silver atom 
from acidified Kl-solution. The molecular conductivity of the nitrate 
corresponds to that for a tervalent complex ion. The scdts, unlike those 
o*f bivsJ^ent silver, are dimnagn^w, 

A tervalent silver atom should possess the same electronic structure 
as bivalent nickel and hence its complexes would be diamagnetic like the 
planar nickel complexes, if the co-ordination bonds be of the hybrid 
type. Tervalent silver, therefore, resembles tervalent gold of the same 
periodic group forming four co-ordinated planar complex of the penetration 
class. 


2. Hydrides of cobalt, 

R. B, N. Sahai and R. C. Ray, Patna, 

In a previous paper 1043, 20, 213) the preparation and 

properties of hydrides of nickel have l>een described. Hydrides of 
cobalt have been prepared in the same apparatus using tlu? same method 
as described in the previous paper. Two hydrides of the compositions 
C 0 H 2 and CoH liave been obtained. DecomfX)Hitiou pressures have 
been measured at different temperatures and th€> pressure-temperature 
relationship determined. Heats of formation have beerk calculated from 
the decomposition-pressure-temperature curve. They come out as 

29.200 cals, and 13,500 cals, for CoH^ and CoH resfj^M^tively as against 

35.200 cals, and 17,100 cals, for the corresponding nickel compounds. 
It has been found thiit the cobcdt hydrides are actually less stable than 
their nickel analogues. 

3 . Pyridine complexes of metallic jicrchlorates. Part II. 

P. C. SiNHA and R. C. Ray, Patna. 

Pyridine compounde of certain metallic perchlorates were de- 
•oribed in a previous ^mper (J.I.CjS., 1943, 20, 32). The dissociation 
pressures of copper pyridine perchlorate have been measured at differrait 
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temperatutes between 35* and 100*. From the data the heats of 
formation have been calculated by the formula, Q =* B,T^ . The 

Or* 

isothermal curve for the system, Qu(C 104 ) 2 — ^pyridine, has been determined 
•at 40**, and this shows the existence of two compounds of the formulsa, 
Cu(C 104 ) 2 — 6 pyr. and Cu(Cl 04 ) 8 — 4 pyr. The affinities which hold the 
P3rridine in the copper compounds seem to remain constant throughout 
the range of temperatures investigated, 

4. Co-ordination compounds of mercury with benzidine and 

o-tolidine. 

Kanai Lal Mandal, Calcutta. 

The organic bases that have been used in preparing Complex mercuric 
salts are benzidine and o-tolidine. It has been observed that the mercuric 
salts in general form complex salts vrith benzidine having the formula 
[HgBzjX^ (Bz = benzidine, X = xmivalent acid radical). The oo- 
orcfination valency of mercury in these compounds is 2. The property, 
unique in this class of compounds, is that they form addition compounj^ 
with pyridine, piperidine and aniline, in which mercury shows unusual 
co-ordination valencies, namely, 3 and 4. 

The 3 -CO -ordination compounds are formed by the addition of a 
molecule of pyridine, piperidine and aniline to a molecule of the benzidine 
mercuric salt. The addition compounds with pyridine and piperidine 
are very stable, but those -with aniline are hydrolyzed by water and lose 
the addendum in air. It appears possible to detect mercury in aqueous 
solution by a reagent containing equimolecular proportions of benzidine 
and p 3 n*idine. The bright yellow precipitate which is formed quantita- 
tively on warming is characteristic of mercury. 

In absence of water, pyridine and piperidine form 4-co -ordination 
compounds with not only some of the complex benzidine salts of the 
oxyacids of mercury but also the coniplex halides. 

o-Tolidine behaves generally like benzidine towards mercuric salts 
and forms 2-, 3-, and 4-co -ordination compounds of mercury. 

5. Co-ordination compounds of mercuric salts with phenylene-, 

toluylene-, and naphthylene diamines. 

Kanai Lal Mandal, Calcutta. 

Complex mercuric salts with three isomeric (o-, m-, p-) phenylene 
diamines, on© toluylene diamine (2 : 4), two isomeric naphthylene diamines 
(1:8 and 1 : 2) have been prepared and studied. Whilst other bivalent 
metals show varying co-ordination valencies, mercury exhibits in these 
compounds the co-ordination number 2 only, which is not increased 
through formation of additive compounds. Salts of the diamines, too, 
combine in equimolecular proportions with the mercury salts. 

ar</M?-Ph©nylene diamine mercuric salts are distinguished from the 
other salts of this group in Showing the rare phenomenon of existing in 
more than one form. The two forms differ in melting point. It has not 
been possible to bring out clearly how the two forms are related. 

Mercury compounds Wdth ^ chrysoidine and 2 : 3-diaminophenazine 
have also been prepared. ‘ 

6. Co-ordination of mercury salts with ethylene and pYopylenfe 

diamines. 

Kanai Lal Mandal, Calcutta. 

No systematic study has been made of the compoimds qf mercury 
with ethylene diamine and its homologues. Mercury is known io form 
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with ethylcoie diamine both mono- and di-compounds. The di-eompounds 
have special interest because in these compounds mercury has the rare 
co-or<hlmtion number 4. 

A number of unusually stable bismercuric salts have been prep^d. 
In these oompoundst a molecule of the nofercuric salts combines with either 
two molecules of ethylene diamine or two molecules of propylene famine. 
Though the compounds prepared do not include the complex h^ides, the 
chloroplatimtes and chloroplatinates have been obtainea. This t 3 ?pe of 
4-co-ordinat6d mercury compoimds is not known to have been prepared 
before. It has been possible to estimate mercury in a simple way as bis 
ohloroplatinites and chloroplatinates. 

A number of mono-compounds have also been prepared, 

7. Co-ordination compounds of mercury with salts of ethylene 
and propjdene diamines. 

Kakax Lal Mandal, Calcutta. 

Few mercury complexes with ethylene diamine and propylene diamine, 
or with their salts have been prepared. In the compound# describc^d, a 
molecule of the mercury salts lias combined with either one or two molecules 
of the salts of a diamine. A number of both tyues of compounds have 
been prepared with salts of ethylene diamine as well as propylene diamine. 

Merourj' comppunds with two molecules of the salts of the diamines 
are formed as easily as those with one molecnile of the diammonium salt . 
The compounds may have mixed anions or one kind of anion. The com- 
pounds are no doubt imusual type# of salts. If mercuric di-ethylene- 
diammonium salts be expressed as complex salts of the general structure 
fHg(C 2 H]^Nf)tPCfY 4 , mercury in the#© compounds assumes the rikre 
co-ordination valency 4. Tlie same is also the case with mercuric di- 
propylene-diammonium salts. 

8. A note on the manganese content of the seeds of Mtmina 

Pruriens. 

P. V. Nair and K. S. Madhavak Pillai, Trivandrum. 

The ash of the seeds of Mucuna Fruriia^ Hook. Syn, Mueuna Prurient, 
Bak. in Hook (N'.O, : Papilionaceae), has been found to contain 
34*2% of phosphorus (as PfO®), 16% sulphur (as 80,) and 0-66% 
manganese. The manganese content was estimated by the colorimetric 
method of Retortillo and Callego; and also checki^ volume trically by 
titrating with 1% solution of H 2 O 2 . The same solution prepared for the 
colorimetric estimation was used for the volumf^ttic estimation also. The 
aphrodisiac and general tonic action of the seeds claimed by the Ayurvedic 
and Unani pharmacists may be traoed to the presence of such ingredients 
as manganese, phosphorus (as lecithin) and sulphur (as thiol compounds). 

9. TIjo action of charcoal on sodium nitrite. 

T, M. OzA, Dharwar. 

In order to oondrm the production of nitrous oxide detected in the 
slow reaction between potassium nitrite and cliarcoal {JJ.C,S., 1943, 
29, 267) and elucidate its origin, these experiments have been performed. 
The reaction starts at 300° and becomes violent at 360-65° and is, there- 
fore, accessible for study under different conditions. 

Experiments with weighed quantities of the reactants, in mmo. 
reveal the presence of large (about 50%) amounts of nitrous oxide mixed 
with nitrogen, carbon dioxide, nitric oxide and carbon monoxide in the 
gaseous prixlucts and sodium nitrite, carbonate and, perhaps, sodium 
but no nitrate in the residue. No hyponiirite could, so far be detected fai 
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the residue. The compositioxi of the gas remains unaltered whether it is 
oontmuously pumped or allowed to accumulate in the system during 
the reaction at a constant temperature. The increase of the mass of the 
reactants or the proportion of charcoal or the temperature (within the 
• range of regulated reaction) of the reaction tends to produce more nitrogen. 
The^proportion of nitrous oxide in the violent stage is comparatively very 

It is difficult to ascribe the formation of nitrous oxide to the production 
and decomposition of sodium hyponitrite formed as an unstable inter- 
mediate product in the reaction as nitrous oxide is not found amongst the 
products of decomposition of sodium hyponitrite (Divers, J.C.jS., 1899, 
47, 97; Partington and Shah, 1931, 2071). 

Experiments to study (i) the reactions of hyponitrites in solution, 
(ii) the thermal decomposition of sodium hyponitrite, are in progress and 
a study of the action of charcoal on oxides of nitrogen, under the condi- 
tions of these experiments, may be imdertaken if found necessary, 

10. The thermal decomposition of nitrites. 

T. M. OzA and B. R. Walavalkar, Dharwar. 

As potassium nitrite melts with decomposition (Oza and Walavalkar, 
J.I.C.S., 1943, 20, 317) and appears to decompose even before its melting 
point (Oza and Shah, J. Unw. Bom.^ 1942, Xf, 66; JJ.G.S.y 1943, 
20, 261), the initial products of the decomposition have been swept out 
by streaming a current of carbon dioxide on the substance, in vacuo^ at 
its melting point. Experiments have also been performed with (1 ) sodium 
nitrite, and (2) magnesium nitrite, at or near their melting points. The 
gases are collected over Sprengei pump after allowing them to bubble in 
strong KOH solution, through an internal seal. 

The experiments reveal the production of fairly good amounts of 
nitrite (and not a trace of nitrate) in the alkali absorbent. The gas collected 
is pure nitrogen in the case of potassium and magnesium nitrites and 
nitrogen mix^ with nitric oxide in the c€we of sodium nitrite. An experi- 
ment performed to generate carbon dioxide within the decomposing 
mass with sodium nitrite — heating an intimate mixture of sodium nitrite 
and magnesium carbonate — showed the production of pure nitric oxide 
in the gas. In all cases the solid residue contains nitrate in amounts 
depending upon the amoimt and nature of the gas collected. The results 
of experiments with carbon dioxide as sweeping agent are confirmed by 
using nitrogen instead. 

The results confirm the reversible stage, 2KN02;d?K20-f NOg, in 
the decomposition of nitrites and throw considerable light on the other 
stages (Oza and Shah, J, Univ, JBorn,, 1942, XI, 70) in the decomposi- 
tion of nitrites. Experiments on the effect of nitric oxide on the nitrites, 
at their melting points, under different pressures are in progress. These 
are expected to clarify the other stages completely. 


Physical Chemistry 

11. Gray and Cruickshank’s method and the diamagnetic 
susceptibilities of dicyandiamide, acetamide and cyannriq 
acid. 

SusHUi Ktjmar Seddhanta and Peiyadaeanjan RIy, Calcutta. 

Magnetic eusceptibilitieB of dicyandiamide, acetamide and cyanuric 
acid have been measured on very carefully purified specimens. The values 
found have been compared with those calculated hy Gray and 
Gniiokshank’s method, using the resonating structultes established by 



28 


fVoc. Slst I.8,C. : Part III: Abstracts. 


( 6 ) 


X-ray analysis of their crystals. A survey of the results indicates that 
though the values given by Gray and C^iokshank’s method of calculation 
prove to be a decided improvement upon those derived from Pascal’s 
procedure, still the agreement between the experimental and calculated 
values is not suiBciently close in all casCs. In the case of cyanuric ^id« 
there is a large difference between the two values for every possible single 
or resonating structure of tlie molecule. Unless the method is further 
reffned, it cannot be viewed upon as a reliable means for exploring the 
structure of molecules. 

12. Flow of air through consolidated sands partly saturated 

with water/kerosene. 

N. C. Sbn-Gitpta, Calcutta. 

Variations in the permeability to air of cores j>artly saturated with 
liquid have bt^en studied using some cores from Digboi wells and cores 
prepared from cement-sand mixtures. The experimental arrangement 
was a slight modification of that previously described by the author. 
When permeabilities are plotted against the corresponding p^^reentage 
liquid saturations, two types of curves are obtained. In the first type, 
which is more common, liquid saturations up to 10% do not markedly 
alter the permeability but v’ith further increase in the liquid saturation 
the permeability fallsf first slowly and then rapidly; beyond 60 to 60% 
saturation the rate of fall of permeability again diminishes until zero air- 
• permeability at complete liquid saturation of the core is asymptotically 
approached. In the second type of curve the permeability diminishes 
rapidly with increase in liquid saturation until about 20 to 30% saturation 
is reached. Beyond this the permeability falls slowly to zero as the 
liquid saturation approaches 100%. The use of water or kerosene produces 
the same type of result, showing that surface tension has practically no 
effect on the nature of the curves, 

13. Velocity of hydrolysis of anilides. 

B. W. Kelkar, K. K. Dole and D. I). Karve, Poona. 

Tlie hydrolysis of anilides of various aliphatic acids has been studied 
in water and also in water containing \’'arying proportions of alcohol, 
using sulphuric acid as a catalyst. In alcoholic solution the valuer of K 
ere seen to fall owing to the interaction betwwn the liberated acid and the 
solvent alcohol. Aft€*r the establictonent of the equilibriura in this 
reaction the values of K remain constant. The order in which the velocities 
of hydrolysis d«?crea^ is — 

Forman ilide-^ form-p-toluidide -► form-o-toluidide p-nitro-acetani- 
lide~> o-nitro-acjetanilide acet-jS-naphthalide-^acet-a-naphthaltde-^pro- 
pionanilide~> acetanilide -♦ acet-p-tofuidide ^ a<jet-m-toluidide p-brom- 
acetaiiilide-»acet-o-toluidide. 

J4. Study of f:«>Tne corLSt^cutive reac tions: H ydrolysig of nitriles. 
G. G. MAJirMDAR, K. K. Dole and D. I). Karve, Poona. 

The hydrolysis of nitriles is studied in the presence of 22-OOA' sulphuric 
acid as catalyzer. The reaction is an illustration of two pseudo-uni- 
molecular and non-re versible consecutive reactions. Thus, 

H*0 H,0 

R . CN •►R . CONHj >R . COONH4. 

As in all consecutive reactions, the hydrolysis of nitriles also exhibits 
a period of induction. This period of induction is followed by a peried of 
acceleration, at the end of which the values of K Imxfrne cjonstant. The 
end of the first stage of the reaction (R . CN-^B . CONH,) is simultaneous 
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with the end of the period of acceleration* The reaction has b^n studied 
in formic acid and propionic add as aolvents* as well as in glacial acetic 
acid. 

Some aromatic nitriles also have been studied, with 22*00JV*8ulphurio 
^ acid at di^erent temperatures^ Their study abows that they l^have 
just like aliphatic nitriles and the values of the velocity constants depend 
upon the nature of the substituents^ 

The temperature coefficients of all recoct ions show an increase in the 
coefficient with the rise in the temperature, indicating that the activation 
enerries are different for the two stages of the reaction. 

The hydrolysis of nitriles with hydrochloric acid as catalyzer is more 
rapid than that with sulphuric acid. The effect of the change of con- 
centration of the catalyzing acid on the two stages of the reaction is being 
investigated at present. 

16. Kinetics of the reduction of potassium chlorate by an 
acidified solution of sulphur dioxide, 

G. B. Kolhatkar and U. A. Sant, Poona. 

A/^/50 solution of potassium chlorate is reduced at 26'* by J^^/60 
acidified solution of sulphur dioxide and the concentration of sulphur 
dioxide in the reaction mixture is estimated from time to time by N/50 
solution of potassium permanganate. 

The results obtained give a velocity constant when substituted in the 
equation of a bimolecular reaction. 

16. Kinetics of reactions in heterogeneous liquid-liquid 

systems. 

P. S. Javadekar, K. K. Dole and D. D. Karve, Poona. 

The reactions between )3-naphthoic acid in chlorobenzene and aqueous 
sodium hydroxide has been studied. Temperature coefficients indicate the 
predominance of the diffusion factor in this reaction and consequently a 
change in speed of stirring has a marked effect on the velocity of this 
reaction. 

Interfacial tensions between the phases have been studied. Benzoic 
acid diminishes the interfacial tension between chlorobenzene and water, 
while diphenyl increases it noticeably. Hydrochloric acid lowers the 
tension, but the lowering is not so remarkable as in above cases. Potassium 
sulphate also does not show any remarkable influence. At higher tempera- 
ture the interfacial tension is diminished slightly. 

From the interfacial tensions studied in cases of benzoic acid and 
diphenyl, it can be said that the substance which decreases the interfacial 
tension, increases the velocity of reaction and vice versa. 

17. Base-exchange equilibria in permutites. I. Effect of 

anions. 

M. R. Nayar and O. Taiabttddin, Lucknow. 

The specific effect of different anions on the release of calcium from 
Ca-permutite by sodium salts of mono-, di-, tri-, and tetra-basic acids has 
been studied. 

In all cases the curvei^ obtained showed that the release of Ca ion 
followed a modification of the Freundlich adsorption isotherm: y == 
where y is the Ca released in m.e., C the initial concentration of the 
added electrolyte, and a and n constants. 

To release the same amount of Ca different concentrations of electro- 
lytes were required. But the sodium ion activity calculated according to 
Debye-Hflckel formula shows a remarkable constancy (about 0*7) for a 
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large number of electrolytes .which may be termed ’neutral’. Acid salts, 
e.g. NasiCre 07 , give a higher value, while salts of weak acids, e.g. NaaCrO^, 
KaaB 407 , yield a much lower figure, indicating the influence of jjH. 

An attempt has been made to find a relation between the constants 
a and n. 

18. Effect of common ion on the dissociation of stray electro- 
lytes. 

N, Rajkswaba Rao, Guntur. 

In the present part, invest i^tions on the effect of common ion on 
the dissociation of iodic and trichloroacetic acids is dealt with. The 
dissociation of iodic acid is studied as influenced (1) by Iwdrogen ions 
supplied by HNOj, and (2) by lO® ions supplied by LilOa- In the former 
case, the dissociation is suppressed while in the latter, it is enhanced, in 
agreement with the results with substances reported in the previous 
parts. In trichloro-acetic acid, the influence of hydrogen ion by the 
addition of HCl alone is studied, and it is found that the dissociation is 
suppressed as in all the previous cases. 


19. Donnan membrane potential. 

S. G. CiLVUDHOBY, Calcutta. 

According to Donnan at the same pH of the protein solution, the 
• ratio of the potential difference for the di4)asic ticid to that for a mono- 
basic acid should be as 2 to 3 or -66 nearly. 

According to the author at the same pH value of the solution the 
ratio of the potential difference for the di-basio acid to that 

for a mono-basic acid should be 



RT 


JV*F 


“ RT 


N*F 

Ni+Ns 



cosh 


-1 


2y-f-Z 


•66 nearly, 


where 

z 

of the anion and Z is small. 


coah* 

XX 

the valency of the cation. A'* 


the valency 


20. A note on Debye-Huckel equation and the relation between 

dielfx;tric constant and temperature. 

Balbhadba Peasab, CutUck. 

It is shown that if Debye-Hiicke! equation were correct, then dielectric 
coimtant of a liquid would l>e inversely proportional to temperature. 
This relation between dielectric constant and temperature is nearly constant 
in case of water. In case of other solv'erits, the relationsliip is not even 
approximately correct. The work on the polar molectiltt^s mso se<mcis to 
be against such a simple relation. It is quite possible that the difference 
between the calculated and observed activity coefiicient m well aa the 
relationship between dielectric constant and temperature is due to the 
same mistakes in the derivation of the equation. 

21. Rheuchor. 


L. N. Srivastava, Lucknow. 

Recently Dr. J. Newton Friend enunciated a new property, the 
Rheochor , by replacing by in Sugden’s c^xpression for parachor 
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{Nature, 1942, 150, 432). The equation, thus obtained, is Jf ^ ~ i?, where 

M is the molecular weight, D the density, the viscosity, and B the 
‘Rheochor’. • 

R has been calculated from available data for a number of liquids 
like hydrocarbons, alcohols, esters, acids and water. 

In the case of non-associated liquids, JR is a constant (independent of 
temperature) within about 0'6%, In the case of associated liquids, e.g. 
water cwid alcohols, R continuously decreases with temperature. In the 
case of isomeric esters differences in R have been noted. Within limits 
the rheochor of solutions follows the mixture law. 

In general, rheochor has the same applicability as parachor, with the 
added possibility of revealing finer differences in structure. 

22. The cryoscopic constant {K) for bromo-camphor. 

A. Venkitaohalam, A. N. Poti and R. R. Iyeb, Trivandrum. 

In this laboratory 3-bromo-canmhor has been found to be an excellent 
solvent for the determination of M.W. in solution of organic substances 
by the cryoscopic method. It is easily purified, has a conveniently low 
m.p., a high depression constant and is capable of dissolving a variety of 
substances. The present paper deals with the determination of its 
constant (iC) with substances of known molecular weight and comparing 
the value so obtained with that calculated from the latent heat using the* 
0*002 

formula K — = (where T =» m.p. on the absolute scale, 

^ U = latent heat of fusion for 1 gram). 

The experimental and calculated values are in good agreement. 

23 . A thermodynamical derivation of the relationship A(T,— T) 

= 2Malpr = a constant. 

Rama Gopal, Lucknow. 

An attempt lias been made to prove the above relationship thermo- 
dynamically by considering the process of solution and crystallization as 
a reversible cycle. This relationship has been experimentally proved in 
the cases of some salts of sodium ewid potassium {J,I.C,S,, 1943, 20, 187). 

24. Supersaturation limits of solutions. Part II. 

A. C. Chatterji and Rama Gopal, Lucknow. 

In continuation of the previous work on the limits of supersaturation 
1943, 20, 187), a few more substances have been investigated 
and it has been shown that, in general, A(T*— T) is approximately pro- 
portional to the product a Fm,the terms used having their usual significance. 
As a result of this relationship XiTt—T) is found to be almost a constant 
in cases where aVn values are approximately equal. 

Based on above considerations, a method for calculating the radius 
of the stable crystal nucleus has been developed. The values of r for 
different Ts are given by the expression: r =* 0*036T«x 10*"^ cm. 

On the assumption that the factor T$lr is a constant in the cases of 
halides and nitrates of K, Rb, and Os an estimate of the limits of super- 

saturation has been made by the equation (T|— T) « 13 and it 

has been shown that T# — T for K, Rb, and Ca salts of the same acid varies 
inversely as their respective molecular weights. 
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26. Supersaturation limits of solutions. Part III. 

A* C. Chatterji and Rama Gopal, Lucknow. 

The effect of oontinucms heating for various periods of time on the 
limits of supersaturation has been studied. It is foimd that in certain 
oases, e.g. KNOa, NaNOa and KCIO 4 , etc,, the eiKect is negative or negligible 
even when the tubes are heated up to 18 hours at 00*. But this efiect 
is very much jpronounoed in the cases of Ba(NOa)a, NH 4 C 1 , and (NH 4 )aS 04 , 
etc. No expWation is given as to the cause of this difference in behaviour. 
Further work is proceeding on the subject. 

26. Role of manganous ions in photo-chemical reactions. 

T. N. Sbivastava, Lucknow. 

In this paper the effect of Mn‘^'*‘ ions has been studied on the following 
photo-ohemical reactions: (a) sodium tartrate- iodine, (If) sodium citrate- 
iodine, (c) .sodium malonate -iodine, (d) sodium lactate-iodine, (e) sodium 
formate -iodine, {/) ferrous sulphate-iodine, and (g) sodium nitrite-iodine. 

It is observed that in the cases of first four reactions, addition of Mn 
ions increases the rate of photo-reaction; the increase being directly pro- 
portional to the quantity of Mn’^*^ ions added and to the intensity of 
illumination. No appreciable effect of ions is ob 8 er\'«Ki if the 

reactions are carried out in dark. The catalytic effect of ions is 

«<al 0 o observed even when the reactions are carried out under nitrogen. 
The effect of Fe"^'*'"^ ions, another photo-catalyst, has also been studied 
and observed to show similar effects as Mii*^ ions. 

Further work is necessary for suggesting a satisfactory explanation 
and is in progress. 

27. Reduction of gold chloride by carboxylic acids. 

T. N. Srivastava, Luckiiow\ 

The reduction of gold chloride by the carboxy lic acids, maleic and 
lactic acids, in presence of small quantitic^s of KMn 04 hm been studicMl 
with the following results: — 

Maleic acid, — RcHluction is photo-chemical and somewliat a<rcelerat<*d 
by atmo^herio oxygen. Inerease in temperature and concentration of 
the acid increases the rate of reduction. In presence of small quantities 
of KMn 04 , the ac;id acquires strong reducing |>ow€'r, probably due to the 
formation of meso-tartaric acid, which is one of the oxidatiion products. 
Further work regarding the actual identifiataiion of the acid fomnni is in 
progress. 

Lactic acid. — ^Thts reaction is also photo -e Inimical, but inhibited by 
atmo^heric oxygen lx>th in light and dark just like oxalic acid — ^>ld 
chloride reaction. Effect of temperature and cx>ncentratioti of the acid 
is the same as above. However, when the reaction is carried out in pre- 
sence of small quantities of KMn 04 , enlianced reducing power like other 
carboxylic acids is not observed. 

Hence these reactions apjpear to support the view previously put 
forward that the production of some intermediate comriound with strong 
reducing property is resjx>n 8 ible for the enhanced activity of carboxylic 
acids (when treated with KMn 04 ) towards gold chloride. 

28. Reaction between aoclium citrate and iodine. 

T. N. Smvastava, Lucknow. 

This reaction previously studied by Dhar and co-workers 
1925, 2. 282; 1929. 6 , 465; J. Phya. Chem,, 1928. 32, 1313; 1929, 33* 
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851), who observed a measurable rate of reaction in dark and light, was 
repeated by using a glass-8t<mpered bottle, as it was suspected that the 
use of beakers as done by Dhar and Mukerji (JJ.C.S., 1925, 2, 278) 
might lead to erroneous conclusions due to loss of iodine. Contrary to the 
observations of Dhar and co-w<ykers, it is found that the reaction does 
not proceed with any measurable velocity at ordinary temperatures 
either in dark or light. Effect of varying the temperature (20®-40®) and 
the concentration of reactants is negligible. An extremely slow reaction 
rate is also observed at 60 

In order to explain the measurable rate of the recM^tion at ordinary 
temperatures, observed by Dhar and co-workers, the effect of various 
impurities like Fe"^*^, and Mn ■**■** ions have been tried but all 

of them produce no appreciable effect in the dark, while in visible light 
and Mn"^"^ ions accelerate the reaction. The effect of Mn“*”^ 
ions is very pronoimced and only few mgs. produce tremendous increase 
in the reaction velocity, with the formation of a solid compound which 
appears to be identical with hexa-iodo -acetone. The analysis of the 
compound is in progress. 

29. Beaction of SOg and NgO in silent electric discharge. 

G. S. Deshmukh and B. S. R. Sastry, Benares. 

This reaction has been studied under electric discharge due to 
alternating potentials varied over a wide range at a frequency of 60 cycles 
per second of the A.C. supply. The proportion of the two components 
has been fixed and the gas pressure varied in the range 20-400 mm, Hg. 
Results are normal at low initial pressures when a progressive diminution 
of the pressure is produced reacl^g a constant stage. This diminution 
has been traced to the absorption of nitrogen by sulphur deposited on 
the inner walls of the reaction vessel due to the decomposition of SO 2 . 
The variation in the ionization current has also shown a remarkably 
synchronous parallelism with the pressure -time curve. The presence of 
sulphur nitride produced under discharge in the above conditions has been 
established and this accounts for the pressure diminution. Presumably 
a portion of the sulphur nitride decomposes during the last stage of the 
reactions. It may also be assumed that the absorption of N 2 by sulphur 
reaches a saturation stage, and the observed pressure reversal may be 
due to the liberation of the absoroed gas and also due to the accumulation 
of N 2 and O 2 by the subsequent decomposition of N 2 O. The analysis of 
the decomposition products supports this assumption and a theory has 
been proposed for the mechanism of the change under the discharge. 

30. Interaction of SO 2 and H, under electric discharge. 

G. S. Dbshmukh and Banamau Lahiey, Benares. 

Interaction of SO 2 and H 2 imder electric discharge has been 
investigated. Tlik work was imdertaken with a view to extending the 
results obtained in the iniueraction of N 2 O €wid H 2 (Joshi and Deshmukb, 
Proc. Indian Sci. Cong., 1941, Part III, p. 64). The proportions of the 
two components have been varied over a wide range, and the reaction has 
been studied at definite applied potentials. Results of a series of experi- 
ments do not reveal the ‘periodicity effect * observed during the interaction 
of N 2 O and H 2 . The threshold potential for the decomposition of the 
mixture of SO 2 and H 2 is defined much less sharply and the pressure 
invariably diminishes during the course of the reaction. The corre- 
^onding discharge current increases initially exhibiting a sort of ‘zonal 
effect’, but reaches the steady stage simultaneously along with the 
pressure. While H 2 S, H 2 O and sulphur are the sole products in the 
thermal reaction, the discharge reaction yields besides undecomposed 
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SOg, HgS» Og» HgO, sulphur deposited oa the walls of the leaotioa 
vessel, and presumably some HgSOg and HgS 04 » depending on the stage 
of the decomposition, produced at a given potential. 

A theory lias been proposed for the mechanism of the reactions. 

3 1 . The new light effect in hydrogen under electrical discharge. 
S. S, JosHi and S. B. Aqkawajl, Benares. 

It has been reported by Joshi and co-workers that hydrogen showed 
the least 'light effect’, denoted by A* the diminution of the discliarge 
current in the gas on irradiation. This phenomenon lias now been 
studied as a fimction of applied voltage, the gas pressure, frequency of the 
A.C. supply, intensity and frequency of irradiation and ‘agoing*. It 
is observed that at moderately high pressure Ai tends to increase by 
increasing F the potential applied to the discharge tube; the increase of 
Ai with V then comes to a standstill and liogiiis to diminish; at large 
secondary potential about 4000 volts (r.m.s.), A» i« practically nil. At 
lower pressures, the decrease of Ai with F is more gradual. The light 
effect is negligible at pressurt^s below 3 cm. Hg. 

The effect of ‘ageing’ the gas under the electrical discharge is to 
HMiuce the ‘light effect \ 

No appreciable change is produced in Ai by changing the current 
frequency from 50 cyeU*8 to 500 cycles per second. 

The light effect diminislies on dimimshing the intensity of irradiation. 
It is observed that Ai clianges sensibly under violet >green> and > red 
light; this is in agreement with Joahi’s suggestion that, in general terms, 
the present phenomenon is more a frequency or a quantiun effect than a 
consequence of selective optical absorption. 

32* On the use of a polaro id-pair as an intensity-variometer. 
Part I* 

P. G. Dbg, Bemares. 

During work on a new light effect in chlorine (Joshi and Deo, NcUure, 
ld43, 151, 561) it was found that whilst the efftsci varied markedly with a 
the inter-polaroid angle, J the transmitted intonsity tvs determined with 
a thermopile or a photo-cell changed but little. A general study of the 
intonsity-variation with a appeared, therefore, to be desirable. 

A consideration of the dichroism and birefringence of the mi<?rocryst als 
constituting the polaroid material set in a (partially birefringent) cellulose 
matrix, led Oraban to deduce, 

J » I Jo{Ki{Ki COB* a + K, Bin* a) + X,{K, Bin* a+if , cob* a)} (i) 

Kif K 2 are resp«?ctively the transmisiiion coefficients of the ‘desired* and 
‘undesired’ comfionents and I 0 the initial intensity. 

Considering == d-P where and /' are respectively the mtonsities 
of the visible and infra-red components of Iq and assuming that w* 
negligible in 1 1 and that in iTj «» if, = K* on© gets, 

“ I CO®* {«) 

Equation (ii) shows that a affects only the visible component; very 
likely, it is this component which determines the magnitude of the 
coiTfx^ndtng light effect. Now the energy distribution of most of the 
familiar light sources is such that by far the major part of it lies in the 
infra-red, i.e. K'^r is the chief determinant of J. It is to be anticipated, 
therefore, that J-co8*ot should repreeent a straight line, whose ec^ment 
K'^r should decreaae on reduction of I'; that a complete eliminatiUEin of 
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the visible should make J independent of a; and fioaUy that J measured 
by methods sensitive to (Ji+I'), e.g. with a thermopile or photo-oell, 
should but little change with a. 

,33. On the use of a polaroid-pair as an intensity- variometer. 
Part n. 

P. G. Dbo and M. G. Balsubramanian, Benares. 

The nicol-like performance of a polaroid*pair has been investigated 
quantitatively for the range 0 to 7r/2 of a, the inter-polaroid angle using 
an incandescent bulb as a light source. The intensity-a variations were 
determined by using a Kipps 37, thermopile and R.C.A. caesium-coated 
photo-cell. The infra-red part which represented most of the incident 
energy was weakened progressively by water-filter, the thickness being 
increased up to 65 cms. Employing both the above methods, at constant 
thickness, the intensity-cos* a relation was linear, and this line tended 
towards the origin as the water-thickness was increased. Experiments 
were also made in which the incident beam was filtered tlirough a saturated 
solution of iodine in carbon disulphide which absorbed the visible; the 
filtered intensity did not vary with a. 

The ratio of the intensities at the cross and parallel axes position 
was zero for a nicol-pair; with the polaroids, however, it was about 0*97. 
If this is due to the invariance towards a of the infra-red, it is to be 
anticipated that this ratio would be larger in the infra-red than in the 
visible. This has been observed on filtration through the iodine -carbon 
bisulphide solution and also by eliminating the infra-red by a mono- 
chromator-like arrangement . The spectra of the transmitted beam showed 
a comparatively rapid fading at the short wave end, as a approached ir/2. 

34. Relative infra-red absorption capacity of water and aque- 
ous iron ammonium sulphate. 

P. Gv Deo and M. G. Babasubramaniam, Benares. 

The present work was undertaken in order to elucidate Forsyte’s 
{Phys, Rev,, 1912, 34, 333) observation that compared with water a solution 
of ‘double sulphate of iron and ammonia’ possessed a greater capacity for 
absorbing the infra-red. This was investigated by the observation of the 
intensity of a beam filtered through a crossed polaroid-pair (Pollard, 
Nature, 1936, 138, 311). This enabled conveniently to eliminate almost 
in entirety the visible and the ultra-violet. It is considered that it is the 
ferrous ammonium sulphate which represents the significant absorbent. 
The greater absorptive capacity of its solution than that of water has been 
observed over a wide range of thicknesses of the absorbing columns. Data 
are also obtained for the influence of addition of KCl, NckCl and CuSO^ 
on the corresponding transmissions determined both with a thermopile 
and spectroscopically. 

36. Dielectric strength of chlorine under firids due to low 
frequency alternating potentials. 

P. G. Dbo and B. S. R. Sastby, Benares. 

The above quantity has been investigated by determinations of the 
minimmri spark potentials characteristic of chlorine whose pressure is 
varied in the range 1 to 14 cm. Hg at room temperature. The electrodes 
are silver discs, coated with silver chloride, of about half a cm. diameter, 
and sealed in the discharge tube, which is connected to a stock of 
purified chlorine and a glass spoon memometer. One of the two electrodes 
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is earthed; the other is ooimected to the seoomlary of the transformer 
fed by A.C. Two series of observations have been mii^e in which the inter- 
eleotrode distance is 7*B and 14*8 cm. As is to be expected, this spark 
potential increases sensibly linearly by increasing the gas pressure except 
when the pressures are low. The dielectric strength of chlorine is 
found to be markedly higher than that ^for air under identical conditions, 
presximably due to the higher electron afiOLnity of chlorine. 

36. The influence of temperature on the light efieot in chlorine. 
P. G. Dbo avd H. A. PADMANABHtrLtr, Benares. 

Sarlier studies (Joslii and Narasimliaii, Carr, Sci,, 1937, 9, 637. 
Joshi and Deshmukli, NcUure^ 1941, 147 , 806. Joahi and Deo, ibid,^ 1943, 
151 , 661) of the natiu'o of this phenomenon have been restriotcid to the 
observation of the influence of nature of the gas, its pressure, the size of 
4he discharge tube, and the intensity and frequency of irradiation. The 
present work reports results for the influence of temperature on the 
magnitude of the effect. It is seen that witli a frequency of 60 cycles, 
applied potential varies in the range 1-3 to 6*7 kV, the light effect as 
indicated by A*\ the diminution of the discharge current on irradiation, 
remains sensibly constant over the temperature range 30® to 270®, 
The proportional diminution, i.e. At/t decreast^s at high temperatures. 

37. The influence of temperature on the new light effect in 

HCl gas under electrical discharge. 

Sttbba Rao and Shanmtjkha Rao, Benares. 

The results for the above phenomenon now observed in various gases 
(Josh! and Deshmukh, iVolure, 1941, 149 , 806) under different conditions of 
excitation suggested the present work. As reportf»d iiarlier by Joshi and 
Deahmukh (1^. cit.), compared with chlorine the light effect was low^ in the 
HCl gas. The present experiments have been carried out with a large 
ozonixer about 100 cm. in length which presented a larger area for irradia- 
tion and excited by a potential varied from about 2000-~66{)0 volts r.m.s. 
The change in the corresponding current on irradiation is indicated by 
a reflection galvanometer aetuat«^ by a rectifier. 

Tlie pressure of the HCl gas is varied in the range from 10 mm. t^o 
300 mm. Hg. Tlie temperature is increased from to 60®. It is 
found that at low pressures lK>th the conductivity, and At, the 
light effect, that is the diminution of conductivity on imHiiation increase 
by ineroaHing the temperature. At higher pressure, however, A * reiwhes 
a maximum at about 40® and tends to diminish at higher temperatures. 

38. The influence of intensity on the new light effect in HCl 

gas under electrical discharge. 

SuBBA Rao and Sha^mukii Rao, Benares. 

The general mode of ex{x>rLmentation and the technique is similar 
to that follow^ in earlier w>rk on the influence of Ujoifsitratiwre. In tlie 
follovring experiment the intensity of irradiation has been varitni by altering 
the distance of the light source from the dis</harge It is remarkable 

to observe that the light effect is quite* j>er<^eptib)e wlton the light source 
is kept as much as over 4 rncsters dtstiince Irom the ozonizer. The 
influ^ec of intensity on the light eff(H?t has also binm studied at various 
exciting j:>otential«. In general the light off€Krt diiiunisheit by dimiiiisliimg 
the intensity. This diminution is comparatively more rapid at about 
60® than at about 26® in the pressure range 40 U> HK> mm. Hg of the ^ 
subjected to the discliarge. 

3B 
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39. Decomposition of nitric oxide in the silent electric discharge. 
Part IV. EflFect of temperature on the decomposition. 

K. S. VisvAKATHAN and T. P. Sound ara Rajan, Benares, 

Nitric oxide at dilfferent initial presBiires ranging from 5 to 20 cm. 
of Hg has been subjected to a two-minute discharge at 5000 volts (r.m.s.) 
in a Sfemen’s ozonizer and the reaction products are then collected and 
analyEMdd. Elach reaction is carried out at four different temperatures, 
viz. 5®, 20*", 50® and 70®. Analysis of the decomposed products reveals 
the presence of undecomposed nitric oxide, nitrogen peroxide and nitrogen. 
As is to be anticipated the percentages of nitrogen peroxide and nitrogen 
increase while the percentage of undecomposed nitric oxide decreases with 
rise in temperature. In no case has nitrous oxide been detected. “This is 
contrary to the results of Briner and Wroczynsky (Compt, rend.y 1909, 149 , 
1372, 1518) on the decomposition of nitric o^ide in a glow discharge. 

In order to see whether nitrous oxide is formed at any stage in the 
course of the reaction, nitric oxide at a particular pressure and temperature 
has been subjected to discharges of varying tune intervals, i^alysis of the 
reaction products at the end of each discharge shows no evidence for the 
presence of nitrous oxide. 

40. Decomposition of nitric oxide in the silent electric discharge. 

Part III. Influence of temperatme on the rate of 
decomposition. 

K. S. ViswANATHAN and T. P. Soundara Rajan, Benares. 

With a view to study the effect of temperature on the rate of 
decomposition, nitric oxide at different initial pressures ranging from 4-7 cm. 
to 36*0 cm. of Hg has been taken in a Siemen’s ozonizer and subjected 
to silent electric discharge at 5000 volts (r.m.s.), the reaction at each 
pressure being carried out at three different temperatures, viz, 20®, 50® 
and 70®. The data reveal that there is a considerable rise in the rate 
of decomposition consequent to the rise in temperature, which becomes 
more pronoimoed at higher concentrations. This is particularly remarkable 
in view of the fact that reactions in silent electric discharge are of the 
nature of liigh temperature reactions and it is not to be anticipated that 
a rise of few degrees should exer^ such a marked influence on the rate of 
the reaction. This observation is very interesting and suggestive as 
likely to afford an insight into the mechanism of reaction in the silent 
electric discharge. 

41 . Electrolysis of sodium chlorate. 

D, N. Solanki and I. S. K. Klamath, Benares. 

The electrolytic oxidation of sodium chlorate in neutral aqueous 
solutions (40%) using platinum electrodes heis been studied. At ordinary 
temperatures, 15®- 20® and with equal emodic and cathodic current^ 
dem^ities ranging from 15 amp./dm.^ to 50 amp, /dm.**, the current yield* 
of the persalt formed is very high. The variation of anodic and cathodic 
current densities within the above rcmge alters the C.E, but slightly. The 
addition of catal3^ts or addition agents like Na 2 HP 04 and NaF have 
very little effect on the C.E, probably because of the fact that the C.E. 
is high enough even in their absence. The C.E. for the duration of electro- 
lysis equal to one hour is about 96% and does not fall off considerably 
up to four hours. 

The oxidation products of NaClOa, viz. the per salt is highly soluble 
in water and can be precipitated as the corresponding potassium per ^It 
by double decomposition with a strong solution of KCl, advantage being 
taken of the fact that the potassium per salt is sparingly soluble in water. 
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42. Permanence of Borption-desorption hysteresis. 

T, Kbishhappa, K. Stjbba Rao and B. Sakjiva Rao» Bangalore. 

The effect of variation of temperature of precipitation of gels of 
hydrous oxides of silica, titania and altimiiia on the hysteresis effect in 
the sorption of water vapour has been studied at 30®. Gels have bc^n 
obtained by precipitating the hydrous oxides at 26® and 100® with 
pfOvious boiling. 

Ih ah the systems studied, the permanent hysteresis loops have been 
obtained. Witli increase in the temperature of precipitation there has 
been a diminution in the sorptive capacity of gels for water at different 
partial pressures and in the majority of systems, the hystemsis loop 
suffers a diminution in size with a change in the shape and position of the 
loop. But in none of these systems, is complete elimination of the loop 
noticeable. Gels precipitated at 100® are loss porous than the gets 
precipitated at 26® and appear to have fewer cavities than are primarily 
responsible for tlie phenomenon of hysteresis. 

43. Temperature of activation and the hysteresis effect, 

SiUca gel — ^water system. 

T. Kbishi^appa, K, Sxjbba Rao and B. Sanjiva Rao, Bangalore. 

The effect of variation in activation temperature of silica gel on the 
hysteresis effect has been studied. Sorj^tion and desorption of water 
vapour at 30® on gels activated at 36®, 70®, 140®, 300®, 600® and 1000® 
have been conducted. At all temperatures of activation, permanent 
and reproducible hysteresis loops have been obt^aincd. There is, however, 
a marked variation in the total 8oii>tive capacity and the area of the 
hysteresis loop. 

The results indicate that from 35® to 140® there is a decrease in 
capillary space in the gel, from 140® to 500® the capillary space remams 
practically imaltered and above 600® the gel suffers structural change. 
The capillaries collapse with a marked decrease in the total capillary 
volume. 


44. Mode of preparation of silica gel and its effect on sorption 
hysteresis. 

T. Kbishnappa, K. Sxjbba Rao and B. Sanjiva Rao, Bangalore. 

A comparative study has been mad^i with regard to the shape and size 
of the hysteresis loops obtained with silica gel prepared from (a) pre- 
cipitated silicic acid, and (6) silicic acid jelly. The mode of preparation 
of the gel is found to greatly inffuence the shape and size of the hysteresis 
loop in sorption. 


• 46. Studies on adsorption in relation to constitution. Part III. 

Adsorption of carbohydrates by active charcoal. 

B. P. Gyani and P. B. Gangxjly, Patna. 

The adsorptions of arabinose, xylose, rlianmose, dextrose, fructose, 
mannose, galactose, maltose, sucrose and of a-methyl-d-glucoside from 
dilute aqueous solutions on active charcoal liave been studied and dis- 
cussed in relation to the constitution of the groups of molecules. A 
comparison of the adsorption data with the chemical properties leads to 
the conclusion that the attachment of the molecule to the adsorbent is 
even looser than in the formation of hydrates. 
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46. Studies on adsorption in relation to constitution- Part IV; 

Adsorption of organic vapours on silica gel. 

B. P. Gyani and P. B. GANouiiY, Patna. 

♦ 

The €wisorj)tion of a series of homologues of hydrocarbons, alcohols, 
esters and ketones on silica, gel has been studied. A comparison of the 
adsorption data and physical properties like critical temperatures, dijpol^ 
moments and constants of van der WaaW equation give definite indications 
of a relationship between adsorption and the constitution of the molecule. 

47. Studies on metallized silica gel catalyst. 

A. S. Chakra VART i and P. B. Ganouly, Patna. 

The reduction of nitric oxide to ammonia in presence of copper, 
silica gel as the catalyst has been investigated. The effects of temperature - 
rates of flow and the proportions of reacting gases have been determined- 
The reduction proceeds to an extent of 90 - 95 % with a alight excess of 
hydrogen at a temperature of 250 *. 

48. Conditions in which chlorine is present in hydrous 

hydroxide sols. 

B. P. Yadava and A. C. Chatterji, Lucknow. 

The total chlorine, free and oamotically active chlorine, in the sols 
of Fe203, AI2O3, and Cr203 have been determined. The sols have been 
coagulated by KNO3, K2SO4, and K-citrate and the release of clilorine 
ions on coagulation has also been measured. 

It has been found that in an impure sol the amount of secondarily 
adsorbed chlorine ions is large, and this quantity decreases as the purity 
of the sol increases. 

49. The effect of dilution on the displacement of chlorine ions 

from F 6 ( 0 H )3 sol by stepwise addition of electrolytes. 

B. P. Yadava, Lucknow. 

The effect of diluting Fo(OH)3 sol on the release of the counter ions 
has been studied when the colloid is coagulated by KIO3, K2SO4, and 
K -citrate. E.M.F. measurements have bwn employed to measure the 
release of chlorine ions. 

From t he results recorded a general tendency can be observed that 
there is a decrease in the release of chlorine ions on dilution. This is due 
to a decrease in tiie concentration of the colloid and a subsequent decrease 
in the reletvse of chlorine ions. 

60. The study of the displacement of chlorine ions from 
Fe(0H)8 and O(0H)8 sols by potentiometric titration 
method. 

B P. Yadava, Lucknow. 

Tlie release of clilorine ions from Fo(OH)8 and Cr(OH)8 sols has been 
studied in order to find out if an insight into the mechani^ of coagula- 
tjion by electrolyte pairs can be obtained. Electrolyte pairs like KIOj- 
KftS04, KIOa-K-citrate, and K2S04-K-citrate have used. Along 

with this the roleasci of chlorine from KIO3, K2SO4 and K-citrate when 
added singly is also recorded in order to enable us to calculate the theo- 
retical release due to the combined action of the two electrolytes. When 
Fe(OH)3 is titrated by single electrolytes the amount of ohlonna displaced 
increases when KIO3 is replaced by K2SO4 but with higher vaJenoy ooagu* 
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Ickting ions such as K -citrate it again decreases, whereas with Cr(OH)3 
the displacement of chlorine ions is almost the same with all the electro- 
lytes. This can be explained on the basis of the purity of the sols. 

With tliese sols the amoimt of released chlorine is generally greater 
than the calculated value, indicating that the mixture induces more 
instability than that produced by the same electrolytes acting singly. 

51. Kinetics of coagulation of AS 2 S 3 and Fe(OH )3 sols with and 

without the addition of non-electrolytes. 

B. P. Yadava and A. C. Chatterji, Lucknow. 

The kinetics of coagulation with AS2S3 and Fe(OH)3 sols in presence 
of non -electrolytes have been studied in order to find out if sensitization 
or protection produces any difference in the velocity of c*oagulation of 
these sols. The method due to Paine (Koll. Chem, Beihefte^ 1914 , 4 , 24 ) 
has been utilized to follow the progress of coagulation in the slow region. 

It has been foimd that the velocity constant, remains almost 
constant in the case of A82S3 sol when no non -electrolyte is added. When 
methyl alcohol, ethyl alcohol, sugar, are added there is, however, a slight 
tendency for p values to increase with time where^as with gelatine and 
agar-agar there is a slight tendency to decrease. Moreover, with methyl 
alcohol the p values increase when the concentration of the non-electrolyte 
increases for the same time intervals whereas with other non-electrol>^8 
the P values decrease. 

With Fe(OH)3 sol the p values show a tendency to fall with time in 
the case of all non-electrolytes for any particular concentration of those 
non -electrolytes, but in this case also it is foimd that when tlie qimntities 
of the non -electrolyte are increasod, with methyl alcohol p increases 
for the same time interval and decrei^s with other non-edectroI>'te8. 

52. Study of ionic antagonism by the potentiometric titrations 

of arsenious sulphide sol. 

B. P. Yadava, Lucknow. 

The adsorption of clilorine ions from KCl, XaCl, NH4CI, BaC^, 
and AICI3, when these electrolytes are taken single, and in pairs, has 
been studied by E.M.F. methial. 

It has been observed tfiat with cerbiin pairs like KCl 4 BaCl2 the 
observed adsorption of (‘Idorine ions is greater tlmn the t‘alculat<Ki value, 
while in other pairs sucli as NaCi-f-Kn, KCI4-NH4CI, no increase in the 
adsorption of chlorine ions is observtsd. It is beUi^ved, therefore, that 
ionic antagonism observed in this cose is also, as in the cases previously 
studied, due to the grt^ater adsorption of similarly chargeil ions when 
one electrolyte is addeil in presenc e of the other, 

63. Properties of ‘aged’ synthetic mixtures of coUoidal silicic 
at id and aluminium hj^droxide.^ 

B. Chatterjee, Calcutta. 

The free and total acudities and forms of jxdcntiomotric titration 
curves wdth NaOH of two synthetic mixtures of colloidal aluminium 
hydroxide and silicic acid having 8i02/Al203 ratios of 2 : 1 (mixture I) 
and 4 : 1 (mixture II) have been determined. These mixtures had b^ta 
allowed to age for a year and a half before making the measurementol 
The titration curve of colloidal silicic acid shows an inflexion point at 


* The work has been carried out under a scheme dnanoed by the 
Imperial Council of Agricultural Research, and directed by Prof. 
J. N, Mukherjee. 
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about pH. 6*0 and another between pH 1 1*0 and 12*0 depending upon the 
concentration of Bilica in the soL (Chatterjee, 1939, 16 , 589.) 

Colloidal aluminium hydroxide (aged) gives an inflexion point at about 
^pH 12*5. (Datta, 1939, 16 , 573.) In the case of the mixttires 

* the titration curves show two inflfexion points, the first at pH 5*4 and 5*0 
for mi^ftiires (I) and (II) respectively and the second at pH 7-0 for both 
the mixtures. Both the free and total acids at either inflexion point 
increase with the Si 02 /Al 203 ratio of the mixture. An interaction 
between colloidal silicic ticid and aluminium hydroxide has been suggested. 

64. Diminution of the pH values of suspensions of some Indian 
soils in normal potassium chloride solution.^ 

S. K. Nakdi, Calcutta. 

pH values of suspensions of two acid soils and tliree calcareous soils 
in water and in normal potassium chloride eK>lution have been measured 
using the glass and (juinhydrone electrodes and by Kuhn’s colorimetric 
method. Results obtained by the glass electrode are somewhat lower 
than those obtained by the other two methods. The pH values of the 
soils are lower in potassium chloride solution than in water. This is 
to be expected in the case of arnd soils. In the case of calcareous soils 
also which have pH values greater than 8*0 as measured by the glass 
electrode, the pH values are lowered in one case from 8*2 to 7*0 and in 
another cewse from 8*1 to 6*9. An explanation of this apparently unusual 
behaviour of calcareous soils has been put forward. 

66. On the mechanism of filtration of concentrated clay sus- 
pensions. 

N. C. Sbn-Gitpta and M. M. Dey, Calcutta. 

It has been shown elsewhere that when concentrated clay suspensions 
are filtered tlirough filter paper or sand beds it can be deduced from 
Darc^y’s relation (with certain assumptions) that at constant temperature 
and pressure the cumulative volume of filtrate collected in a given time is 
proportional to the square root of the time since pressure is applied. When 
the filtration is continued for a muf^h longer period, however, a deviation 
from the square root relation is observed, and ultimately the cumulative 
volume of filtrate tends to vary directly as the time of filtration. A 
number of (*lay suspensions having different colloid contents and a bentonite 
suspension sliow the same type of behaviour. 

The moisture content of different sections of the filter cake has been 
found to vary regularly with the thickness of deposition. The percentages 
of clay and silt generally reach a maximum round about the middle portion 
of the cake. Sand content varies with the thickness of the cake. 
An explanation of the observeil variation of filtration rate with time is 
put forward. 

66. Properties of freshly precipitated and aged alumino-silicates. 
S. P. RAYCHATOHtTBi, Dacca. 

Nine types of alumino silicate gels have been prepared by mixing 
different proportions of aluminium hydroxide and silicic acid sols in three 
different ways, viz.: (1) by slowly adding silicic acid sol to an excess of 
aluminium hydroxide sol; (2) by slowly adding aluminium hydroxide 
soTto an excess of silicic acid sol, and (3) by mixing the two sols dropwiee. 
The properties of these nine types of precipitates have been determined. 


* The work has been carried out under a scheme ^^lanced by the 
Imperial CJounoil of Agricultural Research, and directed by Prof. 
J. N. Mukherjee. 
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Experiments are carried out also with el©otrodialy«ed alumina and 
silica gels as also with the naturally occurring minerids, montmorillonite, 
halloysite, kaolin, quartz and bauxite. The general conclusions which are 
brought out from the results are that the heating of the precipitated 
alumino ’Silicates changes their structure in such a manner that their 
base exchange capacities increase and their general properties tend to 
approach the properties of natural minerals. It also appears that mixing 
the colloidal solutions of alumuiiiun hydroxide and silicic ac*.id dropwise 
favours the fonhation of mineral structure. 

67. A comparative study of sieve analysis, sedimentation and 

microscopic methods of measuring particle size. 

J, N, Mukherjek and N. C. Sen-Gttpta, Calcutta. 

For spherical particles microscopic and sedimentation measurements 
should give the same particle diameter, and in the sieve analysis a definite 
relation exist^s between the sieve aperture and particle size. For non- 
spherical particles, however, the three methods give different particle 
sizes. In view of the influence of particle size on packing, porosity, 
permeability, et(*., of consolidated or unconsolidated powders, com- 
parisons of different methods of measuring particle size have been under- 
taken. Preliminary measurements using tliree different fractions of a 
fine sand separated by sedimentation in a sugar solution of vi 8 (‘osity 
3*03 ep. show that the shorter of two inicroB(?opic dimensions at right 
angles, average<i over two hundred particles are 31*4, 4fi*7 and 61 * 7 / 4 , 
while average equivalent diameters calculatcxl from sedimentation velocity 
are 25, 35 and 45g respectively. The ratios between the microscopu? and 
sedimenbition diameters are 1-29, 1*33 and 1*37 respectively. Microscopic 
measurements have also been marie with a sand fraction passing through a 
square sieve when dry but retainer! when wet. The sieve aperture is 
85/1 and tlie microscopic diameter mea.sur£Hl in the al)ove waj* is 103*9g 
the ratio being 1 * 22 . 

68. Decompo.sition of ammonium molyMato with hydrochloric 

acid and caustic soda. 

A. B. Bi.swas, Bangalore. 

The decomposition of ammonium molybdate with HCl and NaOH 
has been studied potentiometrically with glass ©Ujctrode and conducto- 
metrically in the usual manner of titration. It lias been founrl that i^eing 
or boiling has no effect on the nature and extent of tlio curve. In the 
case of HCl the behaviour of the salt is the same as sodium molybdate 
studied by various workers in tViat the salt is dr^iomposed to the extent 
demanded by the formula (NH 4 ) 20 , 5 - 6 M 0 O 3 , and thereafter the titration 
curve indicates as if free HCl acid is present. With NaOH it is found 

that NH^ ion can be quantitatively disj^ laced and from the middle 

-f. 

i:egion of the cuive the percentage of NH^ ion present in the originivl 

salt con be calculated. The value agrees fairly with Kjeldahl method of 
estimation of NHj,. 

69. Photo-reduction of ferric chloride in presence of organic 

substances in aqueous and non-aqueous media. 

Mata Prasad and P. R. Bavdekar, Boml>ay. 

Photo-reduction of ferric chloride in presence of various organic sub- 
^nces, such as organic acids, sugars, ether and acetone, has been studied 
in aqueous and, in some c^ses, non-aqueous media, using the ceric sulphate 
method for the estimation of the amount of reduction. The reaction 
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18 *ero-molecular in th© case of organic acids and sugars, uni-molecular 
in the case of ether and aqueous acetone and of an inhibited type in 
the presence of anhydrous acetone. An increase in the temperature and 
the frequency of the exciting radiations has in all cases an accelerating 
effect on the velocity constant of the reaction. The velocity constant of 
the reaction is in all cases directly proportional to the ip^nsity of the 
incidefit light. The quantum efficiency of the reaction increases with 
dilution of ferric chloride, temperature and frequency of the exciting 
radiations and is of the order of 0*5 in case of organic acids, sugars and 
aqueous acetone, nearly unity in ethereal solutions and greater than one 
in presence of anhydrous acetone. 


60. Tlve photochemical reduction of ferric chloride in light of 
different frequencies in medium of thorium phosphate gel. 
J. C. Ghosh and S. K. Bhattachakyya, Bangalore. 


The kinetics of the reduction of ferric chloride by mandelic acid in 
light of frequencies 306 and 436 /ip, in medium of transparent and colourless 
thorium phosphate gel have been studied. Tlxe reaction is found to be 
zero molecular and the velocity constant is found to increase with 


increasing concentrations of ferric chloride and in fact 


Ax/A< 


is found to 


remain constant for a particular wavelength which increases with increase 
in the magnitude of the quanta absorbed. Tlie velocity constant also 
increases with increasing concentration of mandelic. acid and is directly 
proportional to the intensity of absorbed radiation. The quantum 
efBcieney is found to be very low. The results are compared with 
those obtaine<l in media of thorium phosphate sol before gelation and of 
water. The rate of roivction is found to be the same in both sol and gel 
states of thorium phosphate but in water it is considerably greater. The 
extinction coefficients of feme chloride in presence of excess mandelic 
acid have been measiured in all the three media, A mechanism has 
been suggested. 


61. Susceptibilities ofCa’* and Sr* * ions in heteropolar salts 

of organic and inorganic acids. 

Mata PrAvSad, S. S. Dharamatti and S. V. Gokhaus, Bombay. 

TTio molecular susceptibilities of a number of calcium and strontium 
compounds of both organic and inorganic acids in a pure state have been 
measured by a modifietl form of Guoy’s balance. The observcnl experi- 
mental values have been compared with those obtained by previous 
investigators as well as with those expected from Bhatnagar's theory of 
electronic isomers. The experimental data are utilized to calculate the 
ionic miseoptibilities of Ca*‘ and Sr** assuming the law of approximate 
additivity and making use of the values of the various anions given by 
previous workers. 

The ionic vahies thus obtained have been compared with those 
calculated theoretically by Slater's and Angus’ methods. These results 
have also b€>en examined from the view-point whether there are any 
systematic differences between the values obtained from organic and 
inorganic salts as is foimd in the case of Ba* *. The ionic ra^i of Ca* * 
and Sr * * have been estimated from the corresponding ionic susceptibilities 
and these values are compared with the data obtained by other methods. 

62. A new law of dipole moments of polyatomic molecules. 

S. K. K. Jatkar, Bangalore. 

In the present paper certain difficulties in the interpretation of dipole 
moments of polyatomic compounds have been solved by a simple postulate 
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that the molecule is polarized along the axis of each bond; the observed 
dipole moment is the average of each of the bond moments with the com- 
ponents of the other bonds calculated along the connecting links. Dipole 
mom^ents are inductively affected, by components and then add up vectorially 
for rigid and not in flexible molectiles. The bond moments calculated 
according to ♦he new law proposed and using theoretical angles possess 
values which agree with those calculated from the product of ihtemucloar 
distance and electronic charge taking account of the resonance in the 
molecule. 


63. Dielectric constant of liquids and solids and dipole 
moments. 

S. K. K. Jatkak, Bangalore. 

It has been shown that the molar electric susceptibility of liquids 

(c-~ 1) — - where € is the dielcw^tric constant of the pure 

liquid and p its moment. Tlie derivation of this follows if the internal 
electric force on a charge e within a needle-shaped cavity whose axis 
is parallel to E, is equal to the applied field F and the orientations are 
distributed according to Boltzmann’s law not but u^FjkT 

which follows from the behaviour of the dipole in an electrical held 
c postulated above. This relationship is found to hold good for all liquids 
from HBr (*8Z)) to nitrobenzene (4-2I>) and for solids which show molecular 
rotation. In the case of associated liquids kT is In ionic crystals the 
moment is inversely proix>rtional to co-ordination number. 


64. Electric polarization of binary liquid mixtures. 

S. K. K. Jatkar and (Mrs.) Naoamani Kulkarni, Bangalore. 

TTie failure of the Debye equation for the polarization of binary 
mixtures is too well knowm. The authors have applioil the expression 
for molar susceptibility developed above to the ditTerent types of polariza- 
tion ciuves of binary mixtures. The new values of molar susf^eptibility 
are either constant or are linear function of concentration, from which 
the diix>le moment in <iilute solutions could l>e deduced. 


65. The diele<*tric constants and dipole moments of solids. 

8. K. K. Jatkar and N. V. Sathb, Bangalore. 

4 w iVu* 

The relationship (c—l) ~ ^ — developed by one of us 

(§. K. K. Jatkar) w'as used to interpret the high dielectric constant of the 
halides of hydrogen, lithium, sodium, potiissiiim, nibidiurn, cesium, 
calcium, strontium, barium, magnesium, cadmium, silver, mercury and 
I^d and oxides of copper, silver, mercury, load, zinc, tin, iron, aluminium, 
silica, titanium, zirconium, chromium, antimony and magnesium in the 
solid state. 

The dipole moments so calculated are of the same order magnitude 
as those for hydrogen halides in the pure liquids and gases and in dilute 
solutions. In the case of other solids the dipole moments multiplied by 
the co-ordination number are in close agreement with the values obtained 
by the molecular beam method and the theoretical bond moments. The 
sigmfieanee of these results has been discussed in relationship to tha 
structure of the solids. 
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66. Feeble paramagnetism of chromium trioxide and alkali 

chromates. 

B. S. Datab and S, K. K. Jatkab, Bangalore. 

In the crystal of chromium trioxide Brakken has shown that with 
six oxygen atoms, chromium forms a somewhat deformed octahedral 
structure. One of us (Jatkar) postulated an uncoupled state of mole^culos 
to explain electric moments of molecules. The uncoupled state of a free 
oxide molecule is and in solids 1 jn of this value where n is the co-ordina- 
tion number. Thus for oc;tahedral solid oxide CrOa the uncoupled state 
of Cr is From the possible resonating structures and the 

magnetic ^ta, it has been shown that gm. mol. of chromium trioxide 
and the chromates contribute towards paramagnetism. 

67. The feeble paramagnetism of some oxides. 

D. S. Datar and S. K. K. Jatkab, Bangalore. 

The uncoupled state of MO3, WO3 and UOg has been found to be 
1 / 16 , as in the case of CrOa, 1/36 for Ti02» BaO, 1/96 

for AI2O3, and 1/128 for BeO, CdO, HgO and CaO. These fractions are 
connected with resonance structures and co-ordination number as in the 
case of the dielectric constant and dipole moments of solids. 

68. Liesegang phenomena in rubber latex. 

George T, Vbbghese and M. A. Govtnda Rati, Bangalore. 

A number of periodic phenomena have been observed and reported 
in the case of systems both in the gel state and in the sols, but only few 
observations have been made on periodic gel formation itself. We had 
occasion to stxidy the behaviour of rubber latex on coagulation, and we 
came across the interesting phenomena of Liesegang ring formation in 
rubber gels. Another well-known phenomenon, viz. the formation of 
* close spaced microscopic rings ’ has also been discovercKi in rubber gels. 

A quantitative study of these coagulation phenomena is in progress 
which is expected to be of interest both for rubber latex work, as also 
for the theory of Liesegang ring formation. 

69. Viscosity measurements of some soap gels in pinene. 

Mata Pbasad and G. S. Hattxangdi, Bombay. 

The viscosities of gels of sodium palmitate, potassium stearate and 
potassium palmitate in pinene have l>een measured at various temperatures 
during the proc^ess of gelation. The viscosities were determined by the 
Falling Sphere method and were calculated from the modified equation of 
Stoke's law, wherein the corrections for the wall and end effects have 
been applied. 

The results obtained tor the tliree different soaps are very similar in 
general nature. They do not show any irregular changes of viscosity 
with time during the process of gelation. 

The curves obtained on plotting log (17—170) against ‘I* are straight 
lines for all the soap systems studied, which shows that the relation 
is applicable to the process of gelation of tliese soaps in 

pinene. 

The values of ‘Ar’ for solutions of the same concentrations have been 
calculated for different temperatures fbr the different soap -gels and it is 
found that the values of for solutions of the same concentrations, 
decrease as the temperature at which the viscosity measurements are 
taken, are increased. 
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70. Studies in some inorgano-organic gels in non>aqueou8 

media. 

Mata Prasad and G. S. Hattiangdi, Bombay. 

The time of setting of gels of sodium oleate and sodium stearate 
in xylene, toluene and nujol, containing different amounts of the soaps 
have been measured by Fleming’s method at several temperatures. For 
any temperature, the time of setting decreases rapidly at first and then 
gradually €ks the amount of the gel -forming substance in the mixture is 
increased; also, the time of setting of the various gels containing the 
same omoimts of the soaps decreases as the gel- forming solutions are allowed 
to set at lower temperatures. 

Tlie ounces obtained on plotting log t against the reciprocal of the 
absolute temperature (IjT) are sets of parallel straight lines in almost all 
cases. Values of the heat of activation {Q) of the gels, oalculatefl from 
Hurd and Letteron’s extension of Arrhenius’ equation, are found to be 
independent of the soap contents within the range studied. 

The time of setting of gels containing the same amount of the soap 
on cooling to the same temperature, changes with the nature of the 
solvent in which the soap is dissolved, the order being toluene > nujol > 
xylene. 

G^els of several metal soaps like nickel stearate, cobalt stearate, 
chromium stearate, etc. have been prepared in several non -aqueous media, 
and their various properties are being studied. 

71. Size of the gel particles, 

Mata Prasad and S. Guri^swamy, Bombay. 

Tlie depolarization factors (pt>, ph and pa) of tlie light acattereil by 
gels of thorium molybdate, thorium arsenate and silicic a<id prepared 
by mixing different amounts of the gel -forming constituents have been 
studied. In general, the values of ph are very high suggesting tlmt the 
size of the particles of the gel even after it has set is leas than the wave- 
length of light. An approximate estimate of the size of the particles has 
been made by comparing the intensity of light sc^atterod at 45® and 135® 
to the incident light and it lias been inferred that the size of the pi&rticles 
is about I A. It has been poiiiteil out that hydration produces no change 
in scattering and hence th€> actual size of the gel particles may be grefiter 
than JA. 

Tlie applicability of Krishnan’s relation -f /^1 -f ^ to the 

measurements of pr, ph and pu of the above-mentioned gels lias been 
confirmed by a good agreement between the experimental values of 
pu and those calculated from the observed values of pv anti ph. 

72. Changes of the anisotropy and density scattering during 

gelation. 

Mata Prasad and S. Guruswamy, Bombay. 

The changes in the intensity and depokrization factors (pt\ ph and pu 
of the transversely scattered light taking platje daring and after the 
gelation of thorium molybdate, thorium arsenate and silicic acid gels 
have ]^n studied. The gels investigated belong to two classes: (a) those 
that decrease (thorium molybdate), and (6) tiiose that increase (thorium 
arsenate and silicic acid) in opacity during gelation. It lias been found 
that the density scattering in both the ty|>e of gels increases during 
gel -formation. * o 

The aniwtropy waittering incroaeefl during the formation of (b) 
type of geie but decreaBes in the case of {«) type. In the latter in 
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the early Bta^ea of gel-formation the anisotropy scattering dominate 
over the denwty scatterinp and it decides the fhial observed changes in 
the intensity of scattered light. 

73. Studies on gum jeol,^ « 

. M. K. Indka and N. Maitba, Calcutta. 

Viscous properties of the gum from Lannea Grandis (locally known 
as jeol plant) and the corresponding gxjm acid have been investigated. 
The viscosity of this giun like those of similar gums increases more than 
linearly with the concentration. At corresponding concentrations the 
gum acid has lower viscosities than those of the gmn itself. In the case 
of the gum an yield value appears at a concentration round about 0*6%, 
but in the case of gum acid yield value appears at a much higher con- 
centration in the vicinity of 6*6%. The gum acid at a concentration of 
2*6% has a pH 2*8. When titrat^ with caustic soda solution the titration 
curve shows two inflexion points and the corresponding buffer cap^ity 
curve two minima at pH 6*8 and 8 and a well-deflned maximum at pH 6*6. 
The viscosity curve when plotted against corresponding pH values p a ss es 
through a maximum about pH 6*2. This maximum appears to be related 
to the maximum of the buffer capacity curve. 

74. Photo-reduction of dichromate by tartaric acid in the 

ultra-violet. 

T. L. Rama Chab, Bangalore. 

The photo -reduction of potassium dichromate by potassium tartrate 
has been studied in the ultra-violet region (A= 316dA). The reeMction is 
3&ero-molecular with respect to dichromate. Tl)o velocity of the reaction is 
proportional to the intensity of ultra-violet light absorbed And the quantum 
efficiency of the photo-process is of the order of 0*1. d- and /-circularly 
polarized light give the same value for the velocity of the reaction. A 
mechanism, which can explain the above features, has been postulated 
for the photo-process. 

75. Alcoholysis of oils and fats. 

K. R. Thakab and S. K. K. Jatkab, Bangalore. 

The kinetics of alcoholysis of oils in presence of various catalysts 
have been followed by increase in the weight of non-volatile components 
of the reaction mixture and compared with the results obtained by the 
physical properties of the alcoholyzed oils such as density, refractive 
index, viscosity, dielectric constant, and saponification value. The 
methcxi is rapid and accurate. 

76. Effect of surface-active agents oil indicators. 

T. Kbishnappa, K. S. Gubobaja Doss and B. Sanjiva Rao, 

Bangalore. 

There is an apparent shift towards the acid side in the pH of buffered 
solutions as measured by the use of the indicators, thymol blue and 
bromphenol blue, when wetting agents like Igepon T and Kekal BX are 
present in the system. Igepon T shows a very large aliift with thymol 
blue. Under favourable conditions tlie shift may be as large as 2*4 units, 
an effect much bigger than what has been reported in literature so far, 


* The work has boon carried out under a research scheme financed 
by the Assam Oil Company under the direction of Prof. J. N. Mukherjee. 
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for any system; Nekal BX shows leas of the pH shift. Both the wetting 
agents affect bromphenol blue to a smaller extent. A quantitative 
investigation of the phenomenon has been made. A theory has been 
put forth based on the formation of a complex between the wetting agent 
and the indicator to accovint quantitatively for the effect of concentration 
of the wetting agent on the pH shift. Igepon T shows a marked shift 
with bromphenol blue as well. This forms a clear exception to tbe sign 
rule of Hartley. Increase in ionic strength decreases the pH sliift with 
thymol blue as it is the case with the system worked by Hartley and Roe. 
When bromphenol blue is used, neutral salts produce an opposite effect* 
An e:3^1anation is offered which accounts for these diverse results. The 
variation of pH shift with concentration of Nekal BX with thymol blue 
indicates that micelle formation of the wetting agent occurs rather 
suddenly. The possible relationship between the pH shift and wetting 
power is pointed out. 


Organic Chemistry 

77. Merouration of some nitro and halogen derivatives of 2. 

hydroxy-4-methoxy-benzaldehyde. 

S. Venkata Rao and H. Subba Jois, Bangalore. 

The following cwetoxy-mercuri compounds have been isolated : — 

( 1 ) 2 - Hydroxy - 3 - nitro - 4 - raethoxy - 5 • acetoxy mercuri -benzaldehyde 
from 2-hydroxy-3-nitro-4-methoxybenzaldehydo (m.p, 220®, dec^omp.). 

This on bromination givm 2-hydroxy -3-nitro-4‘methoxy- 5-bromo- 
benzaldehyde. On iodination it gives 2-hydroxy -3 -nitro -4-inethoxy- 5 -iodo - 
benzaldehyde (m.p. 102® ; oxime, m.p. 150^; hydrazorie, m.p. 155®). 

(2) 2 - Hydroxy - 3- acetoxyinercuri - 4 - rnetiioxy - 5 - nitro - benzaldehyde 
from 2-hydroxy-4-methoxy-5-nitro-ben2ald6hyde (m.p. 260“, decomp.). 

On bromination it gives 2-hydroxy-3-bromo-4-methoxy-5 nitro-ben- 
zaldehyde. On iodination it gives 2-hydroxy-3-iodo-4-inethoxy-r>-nitro* 
benzaldehyde (m.p. 128®; oxime, m.p, 209®; phenylhydrazone, m.p. 193®). 

(3) 2-Hydroxy - 3-acotoxvraercuri - 4-raethoxy - 5 - chloro - l>onzaldehyde 
from 2-hydroxy -4-methoxy-5-chIoro-benzaldehyde (decomposes at 250®). 

On bromination it gives 2-hydroxy-3-bromo-4-methoxy-5-chloro-ben- 
zaldehyde. On iodination it gives 2-hydroxy-3-iodo-4-methoxy-5-chloro- 
benzaldehyde (m.p, 103®). 

78. Studies on the formation of the Grignard reagent. 

S. H. Zaheeb and S. A. Fasekh, Lucknow. 

From a study of about nineteen substituted halogen derivatives of 
benzene, it has been observed that compjounds with a larger di|xile moment 
than 2 x 10-^® e.s.u. show no tendency to form Grignard reagent in othen:^l 
solution ; wliile compounds with a lower value react to yield the magnesium 
complex in the inverse order of their diiK>le moments. 

All the different constitutional formuliie assigned to this comjxuin<l 
give it a covalent structure. The results of the ah>ove oxfwlmenitB are in 
a^eement with the general observation that the lower the value of the 
dipole moment of a compound the greater is its tendency to produce 
CO -valent compounds. 

Fluorobenzene and chlorobenzene, in spite of tlieir having a low 
dipole moment fail to react ^tb magnesium in ethorml solution. This 

be explained on the biwis of Fajan's theory of deformation of ions. 
This difficulty is removed with the introduction of a se(H>nd chlorinti atem 
m the benzene nucleus, both para- and oiefa -chloro benzenes giving good 
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79. Studies in long*cham acids. Part V. 

P. C. Mittbb and M. C. Sen-Gotta, Calcutta, 

Aleuritic acid can be converted to epi-ambrettolic acid (I) by the 
method of Mitter and Bhattacharya (J, 1,0,8.^ 19 , 69). When the ester* of 
(I) IB brominated and then oxidized with chromic acid under controlled 
conditions, the half ester of 8 : 9-dibromotetradecane*l : 14-dicarboxylic 
acid is obtained. This on debromination gives half ester of A ^-tetradecanO' 

1 ; 14-dicarboxylic acid which on Bouveault reduction is expected to give 
ambrettolic acid. 

80. Synthesis of 6 : 6-niethylenedioxy-phthalaldehydic acid. 

S. N. Chakbavabti, Agra. 

5 : O-Methylenedioxy-phthalaldehydic acid, for the synthesis of which 
numerous attempts have been made including one by Perkin and Trikojus, 
has been synthesized in the following manner : — 

6 ; 6-Methylenedioxy-homophthaUc acid, synthesized by an improved 
method, is oxidized in boiling xylene solution by means of selenium 
dioxide to 5 : 6-methylenedioxy-phthalonic acid which is converted into 
5 : 6-methylenedioxy-phthalaldehydic acid (I), m.p. 166®, through its 
sodium bisulphite compound. This acid (I) gives on reduction 6 ; 6- 
methylenedioxy-phthalide, m.p. 227® and starting from this important 
acid cryptopine and protopine have been synthesized. 

81. On the constitution of castelamarin. 

(Miss) K. D. Pabanjafb, N. L. Phalnikab, B. V. Bhidb and 
K. S. Nabound, Poona. 

Castelamarin, the bitter principle isolated from Caatela Nicholsoni, 
has been formulated as the lactone of 3-methoxy- 2-hydroxy >cyclahexane* 
acetic acid by Bosman 1922, 970). The present paper describes 

the synthesis of this lactone by the following reactions; — 

Condensation of 6-keto-2-chloro-Ah^ cyc/ohexane (Crossley, 

1903, 484) with diethyl sodio malonste, followed by hydrolysis gives the 
lactone of 3*keto-2-hydroxy-cycfohexane-acetic acid. Reduction of this 
keto -lactone followed by inethylation with diazomethane affords the 
lactone of 3-methoxy-2-hydroxy-cyc^ohexane-acetic acid (m.p. 79®). This 
hu^tone is not bitter and is easily demethylated to the corresponding 
hydroxy lactone. A comparison of the properties of the lactone with 
those of castelamarin (m.p. 266®) shows no similarity. Castelamarin, 
therefore, cannot have the structure of lactone of 3-methoxy-2-hydroxy 
cyclohexane -acetic acid. 

82. Synthesis of analogues of santonin. 

(Miss) K. D. Paranjape, N. L. Phaenikar, B. V, Bhide and 
K. S. Nargund, Poona. 

Recently we have reported the syntheedbs of santonin {Current Science, 
1943, 163). This paper describes the synthesis and properties of soiAe 
analogues of santonin using similar reactions. 

These lactones differ from santonin in the fact that they contain one 
or two methyl groups less than santonin. The pharmocological action 
of these lactones lias been studied. 

83. The coupling of diazo salts with phenolic ketones. 

R. J. Phadke and K. VENKATARAMAiir, Bombay* 

Resacetophenone couples with diazo salts to form the 3-azo dyes, 
indicating the iixation of double bonds on account of chelatioii betwe(^ 
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the ketonic and o-hyc^xyl grpups. By the reduction of the aao dyes 
with zinc and acetic acid S-aminoresaoetophenone has been prepared. The 
aminopbenol givas an o-quinone by oxidation with diohrdinal^ and sulphuric 
acid, i^uction of the o-quinone with zinc anduacptic acid lea^ding to gall- 
aeetophenone. The constitution of benzeneazares^etophenone has been 
confirmed. When resacetophenone i8 cohverted into the chalkone, 2 : 4 - 
dihydroxyphenyl styryl ketone, chelation between the o-hydroxyl and 
ketonic groups is apparently weakened as a result of the conjugation 
of the carbonyl and styryl double bonds, so that the chalkone resembles 
resorcsinol, rather tlian resac^etophenone, in its reactivity towards diazo salts. 
Thus coupling with diazo tized 2 : 6-dichloraniUne gives the disazQ dyo. 

Studying 2-acetylre8orcin and 2 : 5-diliydroxyacetophenone similarly, 
it has been found that chelation and consequent fixation of doable bonds 
are shown by the formation of 4-benzeneazo- 2 -acetyl resorcin and 6- 
benzeneazo-2 : fi-dihydroxyacetophenone respectively. From both these 
azo dyes, following the series of reductions, oxidations and reductions 
mentioned earlier, 2:5: 6-trihydroxyacetophenone is obtained. Tliis 
is a new trihydroxyacetophenone, likely to be of interest for synthesis in 
the fiavone series. 

84, A new synthesis of 6 : 6-diliydroxyflavone. 

R. J. Ph4X)KE and K. Vbnkataramak, Bombay. 

The coupling of 6-hydroxyflav^one with diazo l>enzene chloride and 
diazotized 2 : 5-dichloraniline gives r^pec^tively dyes formulated as 6- 
benzenoazo-6-Viydroxyflavone (I) and 5-(2':5'-dichloro)bonzenoazo-6- 
hydroxy fiavone. By reduction of (I) 5-amino-6-hydroxyflavone is 
obtained, which has been oxidizetl to the o-quinone (fiavone -5 : 6-quinone), 
The quinone is then reduced to the diiiydric phenol, identified as 5:6- 
dihydroxyflavone. 

Repeating the reactions with 5-hydroxy£lavono, the azo dyes are 
found to be the 6-benzeneazo derivatives. Reduction gives 6-armno-5- 
hydroxyflavone, which could be easily oxidizexl to a quinone identical 
with the quinone obtained from 6 -hydroxy fiavone. Retluction of the 
quinone leads to 5 : O-dih yciroxyfiavone, which could thus be prepared from 
5- or 6-hydroxyflavone as starting material. fc>ince the yield of 6-l>enzene- 
azo-5-hydroxyfiavone isolated in pure form by rejieateti er^'^stallizittion 
is low, it is proliable that the B-benzenc^izo isomer is also formed during 
coupling. Attempts are in progress to sofmrate and characterize it, so 
that a new thesis of primetin may be effected. 

86. The hydroxyanthraeenes and antJiraqninones as coupling 
compounds. 

K. I. Narsimhajj, S. R. Ramachanobak and K. Vbnkjitaraman, 

Bombay. 

The present work recortls preliininury experiiueotfl on moilifications 
of the constitution of alizarin with a view to develop more expeditious 
j'ro})ertie8. In the first instance, the coupling of alizarin with 
diazo salts was studied. With diazobenzfjne chloride and f»thor salts of 
low coupling energy, alizarin did not couple, but with dwzotizefl 2 ; 6- 
dichloraniline, p-nitruniline and o-dichlon>l)onzi<lino, the 3-nzo derivatives 
wore obtained, liirther, whilo 4-brouio- and 4-afninoalizarin coupled 
with diazotized dichloranilino, the S-aubstitutod analogues, as well os 
3-benzoylamidoalizarin, were unroac-tive. Quinizarin did not couple. 
wMe xanthopiuinirin coupled in neutral alcoholic solution, a- and 
P-Hydroxyanthracene exhibited normal behaviour as secondary com- 
ponents, but the hydroxyanthraquinones did not couple with diazo salts 
imcler the conditions so far investigated. 2-Hytiroxyanthracene.8- 
caiboxyhc acid, prepareni by the hydrolysis of Naphtol A8-OR, coupled 
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very readily with diaxo sidts ; and in contrast ito jS-hydroxyanthraquinone, 
2-hydroxyanthraquinone<*9H^rboxyUc acid, prepared by the oxidation of 
2*hydroxyanthracene-^«earboxylic acid, also responded to the coupling 
reaction. Oxidation Of Naphtol^ AS-GR to the corresponding anthra- 
• quinone did not destroy. Its coupling power. The theoretical basis of 
these observations is disoussed. 

• 

86. A synthesiB of 4-bromoali2arin. 

K. I. Nabsimhak and K. Venkatabaman, Bombay. 

Bromination of alizarin 2*p-toluene sulphonate has yielded the 4> 
bromo derivative, which is hydrolyzed by hot concentrated sulphuric acid to 
4-bromoalizarm, m.p. 243-244®, the constitution of which is confimaod 
by its partial methylation to ita 2-methyl ether, m.p, 234-236®, and by its 
ability to couple with diazo salts. The action of p-toluenesulphonyl 
chloride on alizarin gives exclusively the 2-p-toluene sulphonate. 

4-Bromocdizarin is different in properties from x-bromoalizarin, obtained 
by heating a;-a:-a?-tribrom-anthraquinone, m.p. 186®, with caustic soda at 
180®, and described as a red-brown substance melting above 280® (Diehl, 
Ber.y 1878, 11 , 190). It is also different irom 3-bromoalizarin prepared 
by previous workers. 3-Bromoalizarin does not couple ^th diazo salts. 

87. Lauryl-jp-toluidide-2-sodium sulphonate as an outstanding 

wetting agent. 

E. D. Darxjwala, B. D. Tilak and K. Venkatakaman, Bombay, 

Lauryl-p-toluidide-2-sodium sulphonate (I) has been obtained by con- 
densing lauryl chloride with p-toluidine-2-sulphonic acid in caustic soda 
solution belovr 10® (c/, B.P,, 452, 139). A thick cream-coloured paste (II) 
is formed, which on drying gives a cream-coloured powder (III). On 
extraction with ethyl acetate (I) is obtained in pure form. Compound (I) 
has been compared with the pure chemical constituents of commercial 
textile auxiliary agents, such as Igepon T, Igepal L, Nekal BX, Aerosol OT, 
Gardinol WA and Triton NE, for which determinations of wetting power 
in terms of the Herbig number and the time of sinking test, calcium 
soap dispersing power and protective colloidal action, are made. It 
is fornid that (I) exhibits higher wetting j>ower than any of these 
products except Aerosol OT, which is better than (I) judged by the 
flotation test and gives a higher Herbig number at 0*26% concentration, 
although below 0*1% the two ai*e equivalent. Compound (I), Igepon T, 
Igepal L and Triton NE have nearly the same calcium soap dispersing 
power, and the other auxiliaries range below these products. Compound 
(I) is also a better protective colloid (as indicated by the Congo Rubine 
Number) than the commercial products examined. 

The crude product (III), containing nearly 73% of (I), is next 
compared with the commercial auxiliaries without purifloation of the 
latter. With the exception of Aerosol OT, which again had higher wetting 

! )ower, and Igepal L, which is a better calcium soap dispersing agent, ^ 
III) has better all-roimd properties than the commercial products. The * 
wetting agent in the paste form (II) also compares favourably with the 
commercial products. Technical production of (I), covered by Indian 
Patent 27,443 and Brit. Pat. 546,496, will shortly be undertaken. 

88. Influence of phenols on phenol reagent. 

N. Roy and TT. P. Basu, Calcutta. 

In estimating oolorimetrioidly chlorocresol by phenol reagent (Bay 
and Baau, Indian Jour. Med. Bee., 1943, October issue) it has been noticed 
that the reducing capacity of chlorocresol is less than that of pure phenol. 
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The mfluenoe of different substituents in the phenol molecule is 
being studied and so far it has been noticed that the above reduction of 
the molybdate in the phenol reagent and the consequent oxidation of the 
phenolic molecule are solely dependent on and induenced by the nature 
and position of the substituents in the^ phenols themselves. In oases of 
strongly ne^tive substituents like nitro, carbethoxy, sulphonic acid 
groups particularly at the para position, the reducing property of the 
phenol is considerably lowered, and as such p-nitrophenol, p-hydroxy- 
benzoio acid and similar other bodies cannot be estimated by the phenol 
reagent. The other compounds like chlorophenol, various creeols, though 
reducing the phenol reagent to a lesser or greater degree, can, however, 
be easily estimated by the above reagent after first finding out the molar 
equivalent with respect to phenol. 

89. On the alkaloidal constituents of Alatonia Scholaria, 
R.Br. Part II. 

S. SiDDAPPA, Bangalore. 

Demethyl echitamine, C 2 iH 2 e 04 Nj|, 2HjjO, prepared by the hj^droly sis 
of ecliitamine hydrochloride, C 2 aH*g 04 Nj, HCl, isolated from the bark of 
Alstonia Schdaris {Proc. I rid. Sc. Cong., 1942, p. 82), on reaction with 
aoda^lime gives a material (m.p. 76®) yellow in colour, and readily 
soluble in water, alcohol and benzene. Its analysis gives the formula 
probably formed by the loss of a molec^ule of water 
from two molecules of decarboxylated demethyl echitamine ; — 


- 11*0 

2020^86 0*N, C*40H50O3^4. 

Reaction of demethyl echitamine with methyl iodide results in a substance, 
which on crystallization from water melts at 238®, and has [ot]/^26® — 63-6* 
(C =: 0*84 in water). 

Demethyl echitamine does not add on any hydrogen in presence of 
Pt catalyst in methyl alcoholic or a43etic acid solution. 

With the object of obtaining some knowledge about the chemical 
nature of echitamine, demethyl echitamine has been subjectcxl to oxida- 
tion with permanganate and dehydrogenation with selenium. 

90. Chemical examination of the bark of Pruntia Pnddnm 

(N.O. Roaacmt). 

D. Chakra VABTi and R. P. Ghosh, Calcutta. 

The compound, m.p. 282% isolated fh>m the bark of Prunua Puddum 
(N.O. Bosaceae) (Proc. Ind. Sci. Cong., 1943, Part III, p. 28) has becm 
found to be a davone, 7-methoxy-4' : 5-dihydroxyflavono it has 

been named Puddumetin. It forms a diac^etyl deriv^ative (m.p. 191-93®) 
and a monomethyl ether (m.p. 168®), which also forms a monoocetyl 
derivative (m.p. 190'91*). Puddumetin, on demethylation with hydriodic 
•acid, gives apigenin (m.p, 344-46®). On hydrolysis with alcoholic 
potassium hydroxide it gives pdiydroxy acetophenone (m.p. 102-5®; 
semicarbazone, m.p. 192-93®). It h^ been suggestcHl by Venkataramaii 
that Puddumetin may be identical with genkwanin, isolated by Kakao 
and Tseng from the Chinese drug Y%ten-hua. 

91. Proximate analysis of coconut husk at various stages of 

retting. 

N. S. Vabdbb, Trivandrum. 

During the retting of coconut husks, complex ohsxnioal and bio- 
chemical clianges take place. To study the chemical changes, coconut 

4B 
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huskB at various stages of retting in the laboratoiy and in the field have 
analysed in terms of (i) moisture, (ii) (iii) fate and resins, 
(iv) oellulose, (v) lignin, (vi) p^tosans, (vii) pectins, and the results are 
given. 

# « 

92. Chemical investigation of the poisonous principles of the 

seed kernels of Cerbera OdoUam, Gaertn. 

A, Nabayakak Poti, Travancore. 

In view of the confusion in the scanty published work on the active 
principles of the seed kernels of Cerbera OdoUam, a detailed investigation 
was undertaken. Three distinct crystalline cardiac glycosides, cer&ertn, 
odoUin and odoUotoxin have been isolated and characterized. 

Cerberin and odoUin have been hydrolyzed to the aglucones cerbereiin 
Andjkiollogenin and their characteristics studied. 

The reactions of the three glycosides and the two aglucones are 
typical of the presence of the unsaturated lactone side-chain of the cardiac 
glycosides and aglucones. 

Cerberin gives am isomeride, iao^cerberin (m.p. 257®) by the action 
of alcoholic alkali. 

The sugar in cerberin gives an unidentified phenylhydrazone (m.p. 
122®). Gluoosazone has been obtained horn the products of hydrolysis of 
odoUin, 

93. Fatty acid composition of tobacco seed oil. 

C. Venkatabao, M. Nakasikgabao and A. Vekkateswaboltj, 

Guntur. 

The oil from Virginia tobacco seeds has been examined and the fatty 
acid composition determined. Mixed fatty acids consist of myristic 1-8%, 
palmitic 7*8%, stearic 5*6%, oleic 30*2% and linoleic 54*6%. The oil con- 
tains 1*9% non-^ponifiabie matter winch is mainly sito-sterol (m.p. 141®). 

The determination of glyceride structure of the oil by the method of 
brommation and separation of bromo-glyceridee from various solvents is 
in progress. 

94. Oil from the seeds of Bomhax Malabaricum. 

C. Venkatabao, M, Nabasikgabao and A. Venkateswaritlu, 

Guntur. 

The oil from the seeds of Bombax Malabaricum contains 94*8% 
insoluble mixed fatty acids composed of 57% of solid acids and 43% of 
liquid acids. The composition of the fatty acids is foimd to be 1*2% 
m^istic acid, 23*6% palmitic acid, 2*8% arachidic acid, 64*9% oleic acid, 
and 7*5% linoleic acid. The seed^ cake is foimd to contain 34*4% crudo 
protem. 

96. The fixed oil from the seeds of PhyllaTUhvs Embliai, 

R. Ramaohakdba Iteb and K. R. Kbishka Iyer, 
Trivandrum. 

The seeds of PkyUanthus Emblioa on extraction with petrol yields 
13*8% of its weight of a fixed oil. Physical and chemical constants of 
the oil have been determined. 
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96. The chemical Examination of the active principles of 

PhyUarUhus Niruri. 

R. Ramaohai^dba Iyeb, Trivandrum, 

From the alcoholic extract of the plant PhyUanihuB Niruri a crys- 
talline needle-shaped gluooeide» m.p. 162% has been obtained. It ^ves 
a benzoyl derivative melting at 184® and an acetyl derivative melting 
at 161®. On hydrolysis with 2% sulphuric acid it gives glucose^ which 
has been identided through its osazone. Further work is in progress. 

97. Chemical examination of the tubers of Hohstemma 

Annulare. 

P. V. Naib and K. S. Madhavan Pillai, Trivandrum. 

Tlie dried tubers of Holostenyma Annulare furnished indications of the 
occurrence in them of an unknown sugar whicli manifested the charac- 
teristics of a hexose. The sugar itself lias not been isolated in a pure 
condition^ but a methyl derivative (m.p. 166-7®) as well as the hydrazone 
(m.p. 185®) and osazone (m.p. 132®) liave been prepared. The tubers 
contain over 24% of sugar, 35% of starch and 12% fibre. The ether 
extract of the tuber furnishes a colourless crystalline substance (m.p. 
96®), the chemical nature of wliich hab not yet been elucidated. 
Holosiemma Annulare belongs to the natural order Ascelepiadaceae and 
grows wild in many parts of South India and Oylon. A decoction or 
paste of the tuber is administered by Ay\ir\’edic pliysicians in the treat- 
ment of diabetes, ophthalmia, and as a lactative for nursing mothers. 

98. Chemical examination of the seeds of Moringa pterygo- 

spemia. Part I. 

K. N. Shamasastby and H. Subba Jois, Bangalore. 

The seeds of Moringa pterygosperma contain a high percentage of 
fatty oil whicli is used to relieve the pain of gout and rheumatism. 

The seeds have been divided into two parts, the outer husk and the 
inner pulp, and each part is extracted successively with difierent 
solvent. The total extracts obtained are 14*4% and 47-39% reiqpectively 
from the husk and inner pulp. 

Various constants of the yellow fatty oil from the petroleum ether 
extract have been detennined. 

99. Chemical examination of the seeds of I/uffa Armra (Roxb.). 

A. Seethabamuh and H. Subba Jois, Bangalore. 

A systematic investigation of the constituents of the seeds of Luffa 
Amara has been undertaken. The seeds have tieen crushed and extracted 
succeasively with different solvents. The total extract amounts to 24*66% , 
. The petroleum ether extract is found to consist of pinkish brown 
viscous oil. When this is set ^ide for two to three days a solid 
separates. This consists of a colourless crystalline material (m.p. 66-^8®) 
and constitutes 1*2% of the seeds. Tliis is acidic and soluble in sodium 
bicarbonate. Various constants of the pinkiali brown fatty oil have been 
determined. Further work is in progress. 

100. Chemical examination of Adiantum catidatum (Linn). 

A. Seethabamuh and H. Subba Jois, Bangalore. 

Adiantnm cau^um (Sanskrit— Mayura Sikha) is a fem 
to the family of Filic«» The fern is iis^ in Ayurvedic medicine in Jdn 
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diaeaoes and diabetes. The present investigation forms a systematic 
study of the various substances present in the fern. A sample of the 
well-dried and finely powdered plant material is successively extracted 
in a Soxhlet with different solvents. 

f The substance which volatilises in steams possesses a fine aroma and 
amounts to 0*12%. The plant answers the tests for the presence of 
alkaloids hut the amoimt does not exceed 0*04%. The extracts of 
petroleum ether and ethyl acetate both yield a fine white crystalline 
compound (m.p. 235-237^). The alcoholic extract axiswers the tests 
for the presence of reducing sugars and gives osazone. 

101. Fossil resin from the lignite beds at Warkalay. 

N. 8. Variee, Trivandrum. 

The fossil resin (sp, gr., 0-96 to 0*98; moisture, 4*3%; ash, 1*3%) 
is not completely soluble in benzene or turpentine or 90% alcohol. 
Destructive distillation yields an oil (85%) and combustible gases. The 
constants of the oil and the fractions obtained by distilling the oil 
(i) at ordinary pressure, (ii) under reduced pressure, are given. 

102. Note on the sterol separation from cane-wax. 

C. Venkatarao and M. Narasinoarao, Guntur. 

Cane-wax from press-cake is separated into higher melting wax 
(m.p. 82°) and lower melting wax (m.p. 53-54°), hard cane-wax being 
best used in boot polish and for raising the m.p. of solid lubricants, and 
soft wax being suitable for leather dressing. The soft wax is found to 
contain all the sterol content of the wax. The non-saponifiables are 
subjected to cluromatographic analysis and the sterols are partially con- 
centrated in the top sections of the adsorption column. 

103. Chemical examination of the medicinal herb, Aerm 

Lanala, 

P. V. Nair avd K. S. Madhavan Pillai, Trivandrum. 

Aetva Lanata, a small branching plant, belonging to the natural 
order Amnranthaceae, grows wild in various parts of India and is put to 
a variety of uses in Ayurvedic pharmacy, the most noteworthy among 
which is the administration of a decoction of its roots in the treatment of 
internal hemorrhage, gonorrhoea and kidney disorders. A porridge, 
made from a mixture of rice and roots of the plant, is believed to confer 
very beneficial results in enriching blood during gestation. The dried 
plant gives as much as 161% ash from its shoots and 10*5% ash from 
its roots. The ash contains 50% of calcium (as CaO) and about 24% of 
iron (as FeaOa). The pharmacological action of the drug is probably 
due to the presence of such high percentages of oaleium and iron in an 
assimilative form. 

104. Coconut pith. 

P. Geokob Varohbsb, Trivandrum. 

Coconut pith has been analyzed in terms of the followin|[ : — 

1. Moisture 1110%, (2) Ash 6-8%, (3) Fat and resin 6-64%, 
(4) CeUulose 88-81%, (6) Lignin 60-60%, (6) Fentosara 
16-63%, (7) Pectins 0-82%. 

The high percentage of ash like 30% reported by some authorities on 
coconut might be due to ashing unwaimed pith which always 
sand and salt from saline water. In none of the sampW mcammafi, the 
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aril in greater than 6*5% and ranges between 5-6*5%. The aah of the 
pith has been analyzed. 

( 1 ) Water soluble 21*5%, (2) Insoluble 41*5%, (3) Alumina 0*17%, 
(4) Iron 2*88%, (5) Calcium 2*72%, ( 6 ) Potassium 0*54%, 
(7) sulphate 4*43%, ( 8 )*Chloride 9*15%, (9) Carbonate* 
12*49%. 

Unlike the ash of the husk, pith aah is poor in potassium. Hence 
the manurial value of pith is very limited. 

106. Catalytic synthesis of higher hydrocarbons from carbon 
monoxide and hydrogen. 

S. L. Sastrt, Bangalore. 

The catalytic synthesis of liquid hydrocarbons from carbon monoxide 
and hydrogen has been studied using various catalysts containing cobalt, 
at atmospheric and medium pressures. A Co-Cu-ThOj-Kieselguhr catalyst 
has been prepared which, with the synthetic gas (CO : H 2 , 1:2), yields 
nearly 124 g. of higher hydrooarbons/o.m. of the original gas mixture at 
195® and at normal pre 88 iu*e. 

A Co-Cu-Cr 203 -Th 02 -Ce. 2 ^ 3 -Ki®^^l?u^ catalyst has also been prepared 
which, working with a gas mixture containing CO and Hj in the ratio 
of 1 *: 1 ejmthesizee as much as 166 g. of higher hydrocarbons/c.m. at 
an optimum pressure of 6 atmospheres and optimum temperature of 
205® -206® and may, therefore, be applicable for the large-scale production 
of liquid hydrocarbons from purifi^ commercial water-gas, 

106. Arsonation of the condensation products of p-acetamino- 

benzenesulphonyl chloride with aminophenols and 
anisidines. 

P. P. Kbishnan and P. C. Guha, Bangalore*. 

p-Acetaminobenzenesulphonyl chloride baa been condensed with 
0 -, m- and p-aminophenols and o-, m-, and p-anisidines. The amino 
compounds, obtained by the hydrolysis of the acetamino compounds, have 
been arsonated according to Bart’s method and the resulting hydroxy- or 
methoxy -phenyl amino-sulphophenyl -arsenic acids have been deserib^. 

107. On the utilization of Indian turpentine oil. Cataljiiic 

dehydrogenation of carenes in liquid and vapour phases. 
P. 0. Guha, A. N, Roy and Madhusuban Paul, Bangalore. 

Indian turpentine oil contains about 50-60% of A*-, A^-carenes. 
Dehydrogenation of carenes to p-cymene in the presence of various 
catalysts has been studiefi both in liquid and in vapour phases with a view 
to exploring the possibility of utilizing p-cymene (from carene obtained 
from Indian turoentine oil) as starting material for the manufacture of 
synthetic thymol, carvacrol, menthol, etc. Dehydrogenation reactions in 
liquid phase have been carried out between 130® and 166® with sulphur in 
the presence of various reaction promoters like activated charcoal, zinc 
chloride, and some vulcanizing agents like diphenyl urea; ontimtim yield 
of p-cymene obtained is 36-40%. Catalytic dehydrogenation of carenes 
in vapour phase at elevated temperatures gives encouraging results. The 
reactions are carried out in a flow system with OtjjO^-AUO^ and Ni-Cu 
as catalysts. With Ni-Cu as catalyst yield of 66—60% p-cymene is 
obtained at 460-600®. In the presence of AljOs-OgOji catalyst at 460®, 
dehydrogeimtion of carenes proceeds smoothly, yield 60%. Above 600® 
decomposition of carenes begins with deposition of carbon. The Al^Oa- 
O 2 O 3 catalyst can be used repeatedly without deterioration and can be 
reactivated. 
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108. Chemical investigation of the leaves of Njfctanthes 

wbortristis, Linn. (N.O. Oleaceae), 

C. R. Mehta, Baroda. 

On acoount of its high mediomal imutation, the chemical examination 
of the leaves has been carried out. Tne hot air dried leaves have been 
successively extracted with various solvents. 

A careful search of the extracts with various solvents has showed the 
presence of a substance of an alkaloidal nature in the alcohol extract only, 
mving characteristic precipitates with specific reagents for alkaloids. A 
toge-scale extraction of the leaves to obtain the alkaloid in a better yield 
and in a purer form is being carried out. The extracts are being ex- 
amined to isolate other principles, if any. 

109. Chemical examination of the seeds of Ahvtilon indicum^ 

G. Don. (N.O. Malvaceae). 

C. R. Mehta, Baroda. 

The bark, the root, leaves and seeds of A, indicum are all used in 
medicine. The investigation of the seeds which have been extracted 
succes-sively with petroleum ether, ether, chloroform, alcohol and other 
solvents, have, therefore, been undertaken. A pale yellow fatty oil (about 
1^%) been obtained from the petroleum ether and ether extracts. The 
constants of the oil have been determinetl. The chemical examination of 
the oil and other extracts is in progress. 

1 10. A new constituent of East Indian sandalwood oil : Isolation 

of ^-santalic acid. 

S. Bhattacharyya, Bangalore. 

East Indian sandalwood oil Is generally known to contain about 
14 chemical substances comprising of alcohols, hydrocarbons, acids, 
aldehydes, ketones, etc, A new monobasic acidic substance of the mole* 
eular formida C j 2 has recently been isolated. The substance has b ,p . 

on 

202®/9 mm. ; n 1*5136. It is a weak acid and cannot be properly titrated 

by alkali. The silver salt is insoluble and comparatively stable towards 
light. The methyl ester, which has been prepared from the silver salt 

and the alkyl iodide, has b.p. 157®/9 mm.; 1*4989. Oxidation with 

percamphoric acid reveals that the substance contains two double bonds 
and consequently a bicyolic hng structure. A probable structural formula 
of the substance has also been suggested. 

111. Reaction between substituted siiccimc anhydrides and 

aromatic hydrocarbons in presence of anhydrous 
aluminium chloride. 

M. A. Saboob, Dacca. 

The reaction between asymmetric dimethylsucoinic anhydride and 
benzene has been studied and it has been found that the product imdergoes 
interchange between a ketonic acid and a hydroxy-lactone. The use of 
trimethylmocinio anhydride tends to the stabilization of the hydroxy* 
structure, the ketonio form being completely absent. 

When tetramethylsuccinic anliydride is employed, a substance is 
obtained which is not formed by the simple addition of the benzene 
molecule to the anhydride but a molecule of carbon monoxide is eliminated 
to give a degradation product, the possible structures of which have been 
discussed. 
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112. Analysis of carbarsone ('p-oarbamido-phenylorsonio acid) 
synthesized in India. 

R. C. Guha, Calcutta. 

Carbarsone either in powder or tablet form, synthesized by five 
different Indian companies, is analyzed by the XJ.S.P. Xi method. Al- 
together 20 samples of carbarsone powder and 100 samples of tablets 
or capsules have been assayed for arsenic percentage in the case of powders 
and for quantity of carbarsone per tablet in the of those put up m tablet 

form. Comparative estimations have also been made on carbarsone 
capsules and carbarsone tablets manufactured by a reputed foreign 
firm, Eli lally & Co. 

The arsenic content in the powders examined varies from 27*10- 
28*46%, the standard being 28*1-28*8% arsenic. In the tablet, the 
carbcu^ne contents varies from 0*144 to 0*257 g. per tablet claiming 
to contain 0*26 g. of carbarsone per tablet. The tablets of the ‘Lily’ 
brand are found to contain 0*221 to 0*227 g. per tablet against a claim 
of 0*25 g- /tablet. Those powders, which give a lower arsenic percentage 
than the standard, usually give a m.p. not conforming to the standard 
m.p. of 169-1 7 1*’. 

Excepting a few samples, most of the Indian products are found to 
be of standard quality from the chemical point of view. 


Biochemistry 

113. Influence of adenine and oxalic acid on the oxidation of 

vitamin C. 

P. Seshagiri Rao, Bangalore. 

In continuation of the previous work on the inhibiting action of purine 
compounds, nucleic acids, etc. on the oxidation of vitamin C (/Voc. Ind. 
Sci, Cong., 1942, III, p. 168) a comparative study has been made of 
the influence of adenine and oxalic acid at various pH values on the 
oxidation of vitamin C under different conditions: (a) autoxidation, 
(6) oxidation by copper, and (c) oxidation by ascorbic acid oxidase. 
Adenine is found to annul both the auto and Cu catalyzed oxidations of 
the vitamin in the acid as well as in the alkaline region. On the other 
hcmd, oxalic acid exerted more protein against the auto and Ou oxidations 
of the vitamin at acid pH, the optimum being pH 5*0, and its inliibitory 
property is gradually destroyed with increasing pH, the inhibition at and 
above pH 7*2 being very little. The enzymic oxidation of the vitamin 
is not annulled by either of these two compounds. The cause of the 
destruction of the inhibitory action with increcwimg pH in the case of 
oxalic acid and the mechanism of the inhibition exerted by adenine and 
oxalic acid against the auto and Cu catalyzed oxidations of vitamin C 
are being investigated. 

114. Milk clotting enzyme in Ficus Carica^ L., latex. 

D. N. Hakim and V. Jagannathan, Bangalore. 

The milk clotting enzj^me of the latex of the domestic fig tree {Ficus 
Carica, L.) has been concentrated and a product fifteen times more active 
than the original latex has been obtained. The latex itself has an activity 
of 400 per gram, i.e. 1 gm. of latex being enough to clot 40,000 c.o. of 
milk in 10 minutes at 40®. The product obtained after purification has 
an activity of 6,000 units per gram sufficient to coagulate roughly 600.000 
times its own weight of milk. The enzyme can be precipitated with 
ammonium sulphate and alcohol but not satisfactorily with sodium chloride. 
About 50% activity can be recovered in alcohol precipitation while 
ammonium sulphate gives 80-86% recovery. In fractional precipitation 
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most of the activity is obtained at 40-45% saturation with ammonium 
sulphate and 60-66% with alcohol. 

The study of the properties of the concentrated product shows that 
for activity the optimum temperature is 75® and optimum pH 64. 
Dialysis against running water results in loss of activity. It is activated 
by calcium salts; addition of 1% of calcium lactate to the milk doubles 
the activity of the enzyme. Further investigation is in progress. 

115. Shark-liver oils. 

P. V. Naib and T. A. Ramakbishnan, Trivandrutn. 

The physical and chemical characteristics for the liver oils of five 
different species of sharks, indigenous to Travancore waters, are determined 
and set forth in tabular form. 

116. Protective action of chemical inhibitors on shark-liver oil. 
P. V. Naib and T. A. Ramakbishnan, Trivandrum. 

The inhibiting action of various inorganic and organic chemicals on 
the development of rancidity in Travancore shark-liver oil, as measured 
by Wheeler^a titrimetric peroxide determination, has been investigated. 
Sulfanilamide, allantoin, lactic acid, iodine, arsenious oxide, ^dium 
hypophosphite, and lithium carbonate have been used as antioxidants. 
Sulfanilamide has been found to possess the greatest inhibiting action. 

117. Protective action of inhibitol fractions from oil meals on 

shark-liver oil. 

P. V. Naib and T. A. Ramakbisknan, Trivandrum. 

The influence of inhibitol fractions from the oil meal extracts of the 
seeds of Miicuna pruHem, Australian chestnut, and Osbeckia on the 
course of autoxidation of Travancore shark-liver oil has been studied by 
Wlieeler’s titrimetric estimation of peroxide Values. Positive results 
are obtained in the case of the Mucuna inhibitol fraction, while the 
other two produce practically no effects, 

118. Thiamine content of foodstuffs. 

M. N, Rudba, Patna. 

A simple method, using Prebluda and McCollum’s reckgent, has been 
worked out for determining the thiamine content of biological materials 
including urine. Among the foodstuffs examined Lens esculenta has 
been found to be the richest and LcUhyrua saliva the poorest in thiamine 
content. 

119. Groundnut meal as human food. 

U. P. Basu and S. K. GANOiThY, Calcutta, 

The cake that is left behind after extraction of the oil from groirndnut 
is being used in feeding farm animals. It has now been found that firom 
the same cake a flour rich in easUy digestible protein concentrate for 
human consumption may be easily produced. The meal that has been 
obtained possesses a fragrant smell, is palatable to taste emd consists of 
protein 42*6%, carbohydrate 32*3% and fat 6*65%. It is also rich in 
mineral salts and vitamins. The amino acids present in the protein are 
arginine, histidine, cystine and lysine. It is expected that the meal would 
offer a good protective food to the starch^oonsuming agricultural popula- 
tion of India and would indirectly give a fillip to the groundnut oil industry 
of the country. 
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120. Biogenesis of lichen acids. 

T. R. Seshadri, Madras. 

A scheme of evolution of the depsides and depsidonos is presented. 
Orsellinic acid structure is the fimdamentcJ skeleton and it is derived 
from carbohydrates. Depside formation, nuclear carbonation, oxidation 
and ether formation are further stages. The occurrence of the large 
number of lichen acids is explained. 

121. Pharmacological study of some synthetic lactones and 

compounds related to santonin. 

(Miss) K. D. Paranjape, N. L. Phalnikar, B. V. Bhxoe aitd 
K. S. Nargiind, Poona. 

Some synthetic lactones and analogues of santonin have been pre- 
pcured and tested for their anthelmintic action by their effect on ea^h- 
worms. The method used is the immersion method of Sollmann (J. 
Pharm. Exp, Therap,, 1919, 12, 129). The following conclusions have 
been arrived at regarding the pharmacological action and chemical con- 
stitution : — 

(а) i -Santonin and racemic santonin are equally reactive. 

(б) Anedogues of santonin, without methyl groups are less active 

than santonin. 

(c) The 2-keto A*:**-, A ^ • •-hexahydronaphthaleno and its alkyl 
analogues are as active as santonin and in this class of 
compounds the effect of methyl substituents is marked. It 
appears, therefore, that in santonin the dienone structure is 
important in giving it the anthelmintic ac^tion. 

{d) Lactone derived from tetrahydronaphthols, similar in structure 
to deemotropo -santonin, are active while the coiTesj>onding 
tetrahydronaphthols are inactive. Desmotropo-santonin, 
however, is inactive probably because it is sparingly soluble 
in water. ' This indicates that the action of santonin is 
predominantly due to its ketonic group. 

(e) ^p-Methoxy (hydroxy)-y-phenyl-y-aikyl-y-butyro lac;tones are 
highly active as well as toxic when the alkyl group contains 
less than 5 carbon-atoms. 

122. Dehydrogenase activity and inorganic substrates. 

K. Madhusudanan Pandalai, Trivandrum, 

Dehydrogenase activity has so far been tested only with respect to 
organic substrates, the biological oxidations of ammonui, nitrite, 
hydrogen sulphide, etc. where inorganic energy relc»ases serve in the 
utilization of carbon dioxide for carbon assimilation, having been left 
out. Working with six different systems possessing establishoil hytlrogoii 
activating capacity and purely inorganic substrates containing ammonium 
^Its it has been shown that these systems cannot activate hydrogen in 
morganic wmbination. It is inferred that tlie mechanism of oxidation by 
autotrophic agencies in inorganic substrates and that by het<^rotrophie 
systems in organic substrates are fundamentally different. 

123. Chemical examination of Indian rhubarb (Rheum Kmodi, 

Wall.). 

G. K. Ray and R. C. Guha, Calcutta. 

Several varieties of Indian rhubarb, statcxl to have been obtained 
from Kashmir, KanjU'a Valley, Kepal, Sikkim and Assam, liave been 
examined according to the methods and standards laid down in the British 
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and the United States Pharmacopoeias. Toted ash, aoid-insolable ash, 
45% alcohol extractive matter, 49% alcohol extractive matter, presence 
of emodin and chrysophanio acid and ultra >violet fluorescence analysis 
for limit of rhapontic rhubarb are determined and compared with flgures 
obtained for * Official * rhubarb, Mhettm palmatum. Excepting one variety 
of Indian rhubarb, all other varieties pass the B.P. limits for total arfi, 
acid'insoluble ash and alcohol (45%) extractive matter. All the samjiles 
pass the tests laid down in the U.S.P. It is concluded that Indian 
rhubarb can be ecmily used as a substitute for pharmacopoeial rhubarb, 
though in physical characters and in the colour of its powder, it differs 
from the ‘ accepted * variety of rhubarb. 


Industrial Chemistry 

124. Preparation of photographic sensitizers. 

M. Q. Doja and Muktdeo Pandby, Patna. 

The preparation of six sensitizers suitable for the manufacture of 
ortho-cliromatic, panchromatic, and infra-red photographic plates, flrom 
materials available in the country, has been described. The sensitization 
spectra of all these compounds have been determined and discussed. 
The dyeing properties of two of them and the fluorescence of all have also 
been examined and recorded. 

125- Synthesia of cyanine dyes. 

M. Q. Doja and Muktdeo Pandey, Patna. 

Three new dyestuffs have been obtained by the condensation of p- 
diothylaminobenzaldehyde with the ethiodides of lepidine, p-toluquinaldine 
and 6-ethox>’-qiiinalduie. One of these compounds, the p-toluquinaldine 
condensation product, has been found to be a powerful sensitizer which 
can be commercially utilize<i. Unlike other cyanine dyes, these substances 
dye silk and wool in fast colours. The fluorescence and other charac- 
teristics of these dyes have also been examined and recorded, 

126. New methods for the preparation of alkali dichromates 
from Indian minerals, using (i) sodium sulphate, 
(ii) calcium carbonate. 

S. 8. JosHi and Jadu Nandan Sahay, Benares. 

The importance of dichromates is illustrated by its huge import 
figure. It is also important as a war material. A new method in this 
line was developed by Joshi and co-workers in the electrolysis of a fused 
mixture of potassium nitrate and chrome iron ore, Ijoth of which are 
abundantly available in this country (Proc. Ind. Sci. Cong,^ 1942, 
Chem. Sec,, Abstract 208). 

Attempts at substituting sodium sulphate for potassium nitrate met 
with difficulty due to the high fusion temperature of the sulphate. The 
present work reports data on the use of the alkali sulphate to produce 
dichromate thernhocfiemicoMy by the use of bisulphate at an intermediate 
stage. The interaction of the bisulphate with the chromite ore when 
carried out under conditions, which have been worked out, produces 
dichromate in good yields. 

Another method which does not appear to have been employed in this 
line uses calcium carbonate. Limestone and the chromite ore, on heating 
under certain regulated conditions of temperature and duration, and in 
the presence of certain catalysts, yield cedcium chromate. The fused 
mass is lixiviated m the presence of sodium sulphate, and under certain 
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conditions of oonoentration and temperature yields sodium chromate; 
on aoicUfioation the yield is about 40% diohromate. 

127. Electrochemical preparation of magnesium persulphate 

and hydrogen peroxide by the electrolysis of MgS 04 , 
7 H 2 O, in sulphuric acid. 

D. N. SoLANKi and P. S. Sastby, Benares, 

The electrolysis of only H 2 SO 4 (60%) at low temperature gives per- 
sulphuric acid which on hydrolysis under suitable conditions gives hydrogen 
peroxide. The current efficiency {C,E.) in the above case falls rapidly 
with duration. But by using MgS 04 * 7 H 2 O in sulphuric acid, the C,E. 
can be kept up high for a long duration, A mixture of 46% of MgS 04 , 
THgO and sulphuric acid gives very good yields. The optimum conditions 
have been worked out. 

The C.E. gradually increases with increasing concentration from 
20-45% of MgS 04 , 7 H 2 O and remains a constant for 46-50%. Kesults 
indicate that C.E. gradual! increases with increasing anodic C.D. of lS-61 
amp./dm*, reaches a maximum at 61 amp./dm* and falls when the C.D. 
is l^her. Temperature is also an important factor tvs the C.E. is constant 
at 6®“15®, and falls gradually at temperatures higher than 20". The 
C.E. decreases gradually as the duration is increased. The infiuence of 
addition reagents is very remarkable as the C.E. is raised from 67-74% 
with 1% of K 2 F 2 . By using a diaphragm of earthenware clay the C.E, is 
enhano^ from 67-82% and by a combined use of diaphragm and 1% 
K 2 F 2 , the C.E. can be raised to 90%. 

128. The electrolyi^ic preparation of sodium porsulphaU^ from 

Glauber’s salt, Na 2 S 04 . IOH 2 O, for the production of 

H2O2. 

D. N. SohANKT and I. S. K. Kamath, Benares. 

The electrolysis of sulphuric acid at low temperatures gives per- 
sulphuric acid which can he hydrolyzed under smtable conditions to 
hydrogen peroxide. The persiilphuric acid obtained is unstable and the 
current efficiency (C.E.) also decreases with time. With a mixture of 
Na 2 S 04 and H 2 SO 4 , however, the comjvarativeiy stabler sodium per- 
sulphate is obtained and the C.E. is far higher also. The optimum condi- 
tions for the production of sodium persulphate have been determined. 

With alkaline or neutral aqueous solutions of Na 2 S 04 , the C.E. is 
practicfdly zero; it increases om the cwiidity is increased and reaches a 
maximum when the concentration of H 2 SO 4 is 60%. For anodic current 
density (C.D.) between 50 to 110 amp. /dm® the C.E. is maximum and is 
constant. Due to the precipitability of the Na 2804 it is difficult to work 
at temps, below 10®. For temps, ranging between 10 ® and 15° the C.E. 
is constant within 1 %, but falls rapidly with higher temps. HF, KCIO 4 , 
NiS 04 . 7 H 20 , etc. improve the current yield; 1 gm. of HF raising the 
C.E. by 15%. The solution containing 1% of HF on electrolysis using 
an unglazed diaphragm gives a C.E. of 92-74%. Factors like cttrrcnl 
concerUration, inter -eUctrode distance and cadvodic C.D, have but little 
influence on the C.E. 

129. Electro-synthesis of potassium permanganate at reduced 

pressure. 

K. Venkateswaka Rao, Benares. 

A new method wag d^eloped by 8. S. Joshi and oo-worken for the 
electro-synthesis of potassiixm permanganate from Indian teiw 
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viz. potfMsiuxn nitrate and manganese dioxide. It was thought desirable 
to study the induenoe of reduced pressure on this reaction. 

Potassium nitrate and manganese dioxide were taken in the proportion 
5 : 2 on the basis of previous experiments, and fused in a hard glass test 
tube coated with asbestos. The tube was constantly evacuated by 
means of a Cenco pump and the fused mixture electrolyzed. The 
potassium manganate formed was estimated as Mn 304 and the current 
efficiency calculated therefrom. Results obtained indicate that there is 
no appreciable change in current efficiency with the reduction in pressure, 
as compared with the results of Joshi and co-workers in these laboratories. 

130. The utilization of heavy oil residue for cracking in the 
manufacture of oil gas. 

K. L. Mottbgill and A. N. Poti, Trivandrum. 

In the distillation of high speed diesel oil, after the recovery of 
90% distillate, about 8% of a tarry heavy oil residue was accumulating 
as a waste product. This was evaluated for gas making according to 
the method of Griffiths and the results tested out by performance in the 
Mansfield oil gas installation. The laboratory evaluation gave a factor 
of 79% efficiency on yield of gas (kerosene oil = 100) after making 
allowance for the carbon content of the raw material, llie performance 
in actual manufacture gave a 72% efficiency which is in fair agreement 
with the theoretical. 

The composition of the gas has been determined and compared with 
that of the standard (from kerosene). The gas shows mainly a higher 
methane content and a lower content of illuminants but the total calorific 
value calculated from the composition is only very slightly less than the 
standard. This cheaper raw material has completely replaced the more 
costly kerosene for the manufacture of gas, in the Travancore University 
Gas Plant and lias given satisfactory service during the past two and a 
half years. 


131. Indigenous rubber yielding plants of Travancore. Part I. 

Ahtonia Scholaris. 

M. Sbeedharan Pillai and K.S. Madhavan Puxaj, Trivandrunu 

The possibilities of utilizing indigenous plant resources for obtaining 
latices suitable as substitutes for Hevea Rubber Latex are being examined 
and the present paper deals with the data obtained for the latex of the 
tree AUtonia Scholaris (N.O. : ApocyancLceae) which grows extensively 
in Travancore. The flow of latex varies from 5 c.c. to 3 oz. at a single 
tapping. The chemical examination shows that the latex contains 
only about 4*6% of rubber which quantity is too low for commercial 
exploitation. The following physical and chemical characteristics have 
been noted: Colour, milky vrhite ; odour, nil; speoiflo gravity (30**), 
1-0316; acid value, ml; coagulable matter, 28*3%; steam volatile matter^ 
nil; total solids, 32-2%; composition of the latex has been determincnl. 

132. Studies in industrial fermentations— lactic acid, 

K. K. Iyer and M, Srbentvasaya, Bangalore, 

1. L. bvlgaricua has been found to be the organism more suitable 
for the fermentative production of lactic acid than L, addophUus and a 
few other lactic bacilli so far studied. 

2. The saocheu'ifloation of the starchy component in Jowar is best 
achieved through the agency of a diastatio enzyme rather tJ^ by an 
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aeid* The hydrolyaate resultmg from the eneymatic hj^ndrolysis offers a 
feff more favoiirable medium not only from the point of view of the growth 
of the organism but cdso from the point of view of the percentage of sugar 
conversion. 

3. Conversions ranging from 70 to 80% of the sugar in the hydro- 
lysates from Jowar and potato have been obtained. A 30% 3 deld on the 
weight of the sugar is obtained from molasses. 

133. Adulteration in Travancore lemon grass oil. 

N. S. Vabier, Trivandrum. 

The possible adulterants available in the lemon grass growing areas 
are methylated spirit, kerosene oil and fixed oils. Tlie effect of these 
adulterants on the physical constants of the oil is discussed. Details of 
the examination of a large number of samples collected from distilleries, 
shopkeepers and other dealers of the oil are given. It is found tliat 
CMiulteration is very rare and only methylated spirit is used for the purpose. 

134. The retting of coconut husks. 

P. George Varghese arid N. S. Varier, Trivandrum. 

Retting of coconut husks has been studied with four distinct objects 
in mind, namely: (1) to study the chemical changes, (2) to shorten the 
duration of retting, (3) to improve the quality of fibre, (4) to find some 
use for the by-products. It has been found tliat duiiug retting chemical 
changes of a very complex nature take place. The duration of retting 
which ordinarily is about 6 to 10 months has been reduced to 1^ months 
by soaking the crushed husks. Chemical treatment has little efft^ct on 
the duration of retting. A number of factors has been found to affect the 
quality of the fibre. The colour of the fibre is improved by 0*5% oxalic 
acid timtment. Husk pith has been tried to make corks and pads with 
some success. 

135. Sulphur in the retting grounds of coconut huBks. 

N. S. Varier aiid K. M. Panoalai, Trivandrum. 

During the retting of coconut husks, especially in ' pit-soaking \ 
considerable quantities of sulphur are formed b^des hydrogen sulplude. 
Since the husks contain very little sulphur and the Kayal waters, in which 
retting takes place, contain sulphates, the sulphur is likely to be formed 
by reduction of the sulphates. Sulphate- reducing bacteria are sliown to 
be present in the retting medium. This sulphur can easily be converted 
into sodium thiosulphate. 

136. Investigations on the contraction of oil-well cements, 

• A, Reid and N. C. Skn-Gufi’a, Calcutta. 

In cementing strings of pipe (or casing) in place in an oil-well, cement 
slurries of pumpable fluidity have to be used. The hydrostatic preesrure 
imposed on the cement slurry during the placement of the cement may 
be considerable and a high percentage of the excess water in tlto slurry 
may filter into porous formations with whi<3h the cement comes in contact* 
This filtration of excess water results in an appreciable reduction in the 
volume of set cement from a given volume of slurry. 

If the cement slurry is allowed to stand for soma time Ivefore it comes 
in contact with the porous formation, tlie ooutrai:tion is much less, but sinoe 
the viscosity of the cement slurry rises as the cemmt *ages* this remedy 



(42) 


Section Illy Chemishy. 


66 


cannot be applied in practice. By an impermeable mud lining the amount 
of water filtering into the formation from the cement is much reduced. 
It is, however, not desirable to have a mud layer between the formation 
and the set cement. 

^ There is another form of contraction of the cement not associated with 
loss of water to the formation; this may be as high as 6%. Chemical 
treatmient of the cement will pa^ly obviate this. 

137. Polymerization of vinyl acetate. 

S. K. K. Jatkab and S. Kbishnamurthy, Bangalore. 

Polymerization of the vinyl acetate has been undertaken for the 
Mysore Archaeolo^cal Department to preserve the 52 feet idol of Lord 
Gautamaheswara in Sravana Belagola, Bassan District. The commercial 
sample has to be distilled to remove the inhibitor-copper salt. Hydrogen 
peroxide and benzoyl peroxide are used as catalysts. Polymerization 
has been carried at atmospheric pressure on a water-bath. The polymer is 
soluble in all common solvents. Experiments have been conducted to 
study the water -absorbing property of the films. Physical measurements 
have been made to follow the rate of polymerization. 

138. Anti-corrosive varnish. 

S. K. K, Jatkab and S. Kbishnamurthy, Bangalore. 

The oil extracted from the shell of the cashew nut contains anacardic 
acid and cardol. This oil is abundantly available in the Malabar districts. 
It has been much used in the United States of America in the paint ^ nd 
varnish industry. Experiments have been conducted to utilize the oU in 
conjimetion with drying oils to give varnishes of the baking type. The 
oil is condensed with formalin and the resulting resin is dissolved in 
dehydrated castor oil, prepared in these laboratories. Baked films of this 
varnish show outstanding resistance to chemical attack and are very 
adherent. Further commercial possibilities of the varnish fire imder 
investigation. 

139. Modifications of shellac. 

H. K, Sen, Ranchi. 

(o) A Beating composUion /or conkziners. 

A suitable compoGution for sealing containers has been develo}>ed. 

One hundred parts of shellac are mixed with 50 to 100 parts of hydro- 
lyzed lac, 1 0 parts of castor oil and 8 parts of sodium acetate and the whole 
fused at 120^-130'' for two hciurs. The resulteuut product, which at 
ordinary temperatures is tolerably hard and elastic, is melted before xising 
for sealing purposes. 

(b) Shellac adheeive tapes, 

(i) One hundred parts of hydrolyzed lac and 24 parts of linseed oil or 
castor oil fatty acids are heated at 160"^-! 00® for two hotirs, at the end 
of which 20 parts of glycerine are added and the heating continued at 
140® for thr^ hoyurs more to reduce the acid value from 140 to 80, 
The viscous mass is then cooled to 60® and weighed. The mass is then 
taken up with twice its weight of denatured alcohol. The resultant 
solution is then mix^ with some finely ground pitch or any alcohol- 
soluble dye and applied to the tape either by dipping or brushing. The 
prepiu^ tape is then allowed to he air-dried before reeling. 

(ii) A second composition is prepared by heating 100 parts of 
hydrolyzed lac with 10 parts of glyceme and 10 parts of phthalio a^dride 
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and heated at 130^-140° for two hoitra. The resultant viscous xnaas 
is cooled and taken up with spirit as described in the previous composition. 

(c) SheUac4inseed oil foMy acid-lime compositions for plastic motdding. 

A simple and satisfactory method of preparing shellac moulding 
powders is to soften lae with a dilute solution of liquor ammonia and 
after the addition of linseed oil fatty acid, slate lime, stearic acid and 
wood-flour to render the materials homogeneous by passing the mixture 
between steam-heated steel rollers. 

The material comes ofl in the form of homogeneous sheets from the 
rollers and is then powdered to 60 mesh and dried at 90®~96® for 
three hours. Suitable moulding conditions for such a composition are 
126®“130® and a pressure of 1 ton per sq. inch for 1| to 2| minutes 
according to the size of the articles. 

(d) Interaction of shellac arid shellac acids loUh organic acids and alcohols, 

A translucent flexible composition from shellac has been prepared by 
condensing suitable proportions of shellac with organic acids like adipic, 
maleic, suberic and such other acids in the presence of polyhydric alcohols 
like glycol, glycerine, etc. by heating at 170°~180° for about an hour. 
The melt is poured into porous moulds and baked at 1 20° for twenty-four 
hours. Hard elastic articles can be produced, which can be sawed or 
machined. 

140. Polymerization of shellac. 

H. K. Sen, Ranchi, 

Pure resin of shellac is known to polymerize to an insoluble, infusible 
stage imder the influence of various agencies such as heat, HCl vapour, 
age, etc. It has now been possible to isolate an intermediate stage 
of polymerization of pure resin, provisionally called semipolymer, w'hich 
is soluble and fusible but has higher softening point and melting point 
and lower fluidity. It has been proved by molecular weight deter- 
mination by Rast’s method that the semiwlymer is a dimer formed by 
the elimination of water from two hydroxyl groups between two different 
molecules of the pure resin. The deterioration of properties, such as 
flow, life under heat, etc., of shellac on storage with only a slight increase 
of alcohol-insoluble is now explained as due to the gradual formation of 
the semipolymer. 


141. A simple method of manufacturing urea. 

H. K. Sen, Ranchi. 

The usual process for the manufacture of urea depends upon the 
reaction of gaseous carbon dioxide with ammonia under pressure and 
heat. In the process described in this paper, a mixture of ammonium 
carbonate and carbamate is produced by distilling a water solution of 
an equimolecular mixture of sodium carbonate and ammonium sulphate 
at the boiling temperature of water. The volatile products, airimonium 
carbonate, carbamate and steam are passed through a condenser kept 
at 60-70® which returns practically all the steam condensed as water, 
the carbonate and carbamate of ammonia subliming and condensing in 
a specially prepared aluminium chamber. There is arrangement in the 
plant for the return of solutions of ammonium carbonate to the gemflrating 
boiler. 

The mixture of ammonium carbonate and carbamate which is collected 
by scraping from the sides of the aluminium chamber usually h a# an 
ammonia content of 38-41 %, wliich is next transferred to a steel autoclave 
(lined with tin or lead) capable of withstanding lJ-2 tons of pressure. 
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The autoclave is then heated by superheated steam or direct fire to 
160° and maintained at that for 3 hours. After cooling down 
the autocihve to 95*100^ the excess of unreacted ammonium carbonate 
is recovered in the usual way, and the residue which is a concentrated 
solution of urea is dischargecl and evaporated to yield crude solid urea. 
On redissolving, filtering and r^concentrating, pure urea of a melting 
point 130“132° is recovered. The yield of urea is 22-23% of the car- 
bonate* and carbamate mixture, whilst about 76-80% of the unreacted 
carbonate is recoverable. 

Allowing a proper value for the sodium sulphate produced in the 
reaction (NH 4 ) 2 S 04 +Na 2 C 03 = (NH 4 ) 2 C 0 a 4 -Na 2 S 04 , the cost of urea 
works out at 2^ annas per lb. 

Instead of using soda ash, concentrated form of reh can also be used. 
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Mineraloiry 

1. Heavy mineral study of the Barakar sandstone, Singrimari, 
Garo Hills, Assam. 

N. N. Chatterjee, Calcutta, 

A Gondwami patch at Singrimari (89^ 54' : 25^ 44') in the cli«trk‘t of 
Garo llills, Assivm, lies against the inetainorphics on the e^ast and consists 
of coarse grained felspathic sandstone, sandy shales and carbonac€X>u« 
shales. Tiie seilimentary beds dip towards west. The Gondwana mind- 
stone at some places is highly pebbly or conglomeratic. 

• The l>iiper gives an ideii of the hoav^y minerals present in the coarse 
grained sandstone. Tlio specimens were crushcHl, chvintiMl and subjected 
to bronioform treatment to collect tlie heavy minerals. Tlie amount thus 
collectcKl was found to be (hb% of the rock. The hiuivy minerals identified 
under the microscope include iron oxides, zircon, garnet (both colourless 
and pink variety), muscovite, tourmaIin(\ monazito, €^pi<lote, liiotite, 
hornblende, etc. in order of abundance. One or two bits of kyanite were 
detected. 

A critical study of the rt^ults obtained in the present case and a 
reference to the work flono by [)revious authors on tins subject show tlmt 
the smaller amount of garnet (2*0%) and an appreciable proportion of 
zircon (4-5%) in the heavy residue indicate definitely a Bamkar age to this 
Singrimari sandstone. 

2. Chemical compositions of some chromite minerals Dcoinriiig 
in Mysore chrome ores. 

M. R. Anantanarayana Iyer, Bangalore. 

In tliis paper tVie chemical c?ompofiitk>ns of seven samples of chromite 
Inciiuling a strongly magnetic one are giveri and wmj>artii ixi two ways : 
one, by expressing the jjercentage compositiona in tonus of the moItK iiWi, 
FoO.CrgOs, MgO.CrgOa, Mg 0 ,Al 203 , Fe().Fe 203 and MnO.Fe^O^. whose 
relative j)ro{x>rtk)n.s differ in the samples and the other, by rnfirkiiig the 
s&mples by j)ointR in a graph devisee! liy E. 8. Simpson, 

The strongly magnetic chromit^^ is partiindarly interesting. 

The graph is a square divided into four equal minor stjuares liy the 
X and y axes. The vi'ahies of the expressions 

^ (MgO-FeO ) mo lccuh^X 1 00 (Al gO^ -- OgOa) moUxrules x 100 

(Mg"0-+-FcO) molecult^s “ (AljOa fO^Oa) molecules 

are used respectively to mark off the x and y axes of the samples. Points 
denoting all chromites will lie in the two lower minor squares. Tto 
chromitcjs discussed in this paper fall under four sub-speeies, for one of 
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which the atro^ly magnetio'tuunple seems to be the first recorded lejwe- 
sentative ^nd it is a Fe^O 3 -rich variety. Hence the strongly magnetic 
chromite is seen to be doubly interesting. 


PeVology 

* 

3 . A brief account of the Madan Mahal granite, Jubbulpore, 

C.P. 

N. N. Chatteejee, Calcutta. 

In the neighbourViood of Jubbulpore town there are two exposures 
of granite. One known as Madan Mahal granite occurs a few miles to the 
south -w^est of the town. The other patch occurs to the north of the 
Jubbulpore Rly. Station and has a linear extension in a more or less oast- 
west direction. 

The present paper deals with the Madan Mahal granite which is 
found to be intrusive in the older talcoso schists. Definite inclusions of 
talcose schists in the granite liave been detected in the field and are 
supposed to bo parts of coimtiy^ rock in situ as such inclusions have niore 
or less the same foliation direction as the country rock. These incluHions 
have been very much impregnated with the granitic material. 

Some biotite rich foreign inclusions (xenolith) are also found in the 
granite. The granite at places appears to be very much contaminated. 
The usual coarse-grained variety of gmnite is found to contain chiefly 
quartz, felspar (both orthoclase and oligoclase) with occasional perthitic 
intergrowth, biotite, blumh amphibole, epidote, etc. 

Certain structural features of this granite such as joint system, quartz^ 
tourmaline veins, etc. have also been described in the paper. 

4. The lamprophyres and the associated rocks in the neigh* 

boiirhood of Lohardaga, Ranchi district, Bihar. 

H. L. Chhibbeb, Benares. 

Lohardaga (23” 27' :^84® 41') lies on a very gently undulating lower 
plateau and is about 2,100 feet above the sea-level. The geology of this 
area (romprises the following rook-types: — 

11. Alluvium. 

10. Latorite and lateritic soil. 

9. Bauxite. 

8 . Kaolin and lithomarge. 

7. Hybrid rocks. 

(>. Oianite. 

r». Lamprophyres. 

4. Graphic granite, pegmatites, aplitee and quartz veins. 

3. Porphyritic granite-gneiss. 

2 . Diorite and micro diorite. 

1 . Metamorphis schists. 

The oldest metamorphics include quartz- and mica-schists and 
quartzites and by the intrusion of igneous rocks these have been converted 
into various kinds of hybrid rocks. About 150 yards below the confluenoe 
of the South Koel river with the Bank! nad% the diorite sets in. 

The granite-gneiss has a very wide extension and builds a large plateau 
from the Chitupallu Ghat to a few miles past Lohardaga en route to Guznla« 

Various modifications of this gramte-gneiss are encountered in the 
field. 

Injections of graphic granite, pegmatites, aplitee and quartz veins are 
commonly observed in this gneiss. 



70 Proc, 31M LS.C,: Pari III : Abstrads. (3) 

The lamprophyres comprise: (i) homblende^biotite lamprophyre or 
biotite-vogesite, and (ii) biotite-lamprophyre or minette. , 
Biotite-vogeaite occurs in four localities. 

Biotite-lamprophyre or minette occurs near the Village of Bagru. 
The main rock near this village is po^jphyritic granite-gnoisa. It has 
bt^n injected by pegmatites composed chiefly of quartz and felspar. 

The norm of the rock contains no felspars hut leuoite and nepheline 
occur insteaii. 


Economic Geology 

5. On the ocoirrence of a galena deposit in Jaipur St«,te, 

Bajpntana. 

K. L. Das, Agartala (Tripura State). 

The deposit is situated at about three miles to the east of t.fhauth- 
Ka-Barwara liailway Station on the Jaipur State Railway. The area 
is almost coN’ered up with soil. The mineralized zone brought out to 
observation during my visit was about 300 ft. long and 50 ft. broad. The 
gossan is absent and prolwibly has been washed away. The general trend 
of the zone is N.E.-S.W. 

The country rocks belong to the Dellii aeries, mainly composed of 
phyllites and ferruginous quartzites. The dip in the quartzites is from 
54 "-62® towards west, the strike being N. 7" E.~S. 7® W. They are highly 
crushed and fissured and these fissures are filled up with quartz. 

The ore is mainly galena with some amount of (^erussit^^. It is 
crystalline to granidar. Big crystals are very mre. Quartz and Imrytee 
are the main gangue minerals with some feldspar. Sometimes p>Titeii 
and chalco-pjTit^ are found embedded in the gangue ejuartz. PaUdiee of 
malachite are very common. Quartz and Iwirytes of the gangiio are often 
foimd highly impregm^ted with galena. 

6. On the occurrence of pottery clay anti gla»H santl at 

Champamura, Tripura State, Bengal. 

K. L. Das, Agartala (Tripura State). 

The def;K> 8 it is situated at Pasrhun t'lianipamura whiidi is aiKuit three 
miles to'the eiist of Agartala town 0<»ug. Dl^ HP 31 •3'^, lat. 23® 50' 13-4*'). 
There are motorable j)ath and niivigai>le hilbstre^un passing by the side 
of the defKmit. The nearest railway station t>n the A.B. zont* of tlte B. A. A. 
Riy. is Akhaura which is nine miles away. 

The cUiy lajfiurs as a IxkI at the base of low hill ranged. The dip is not 
discernible, but it apf>ears to be horizf>ntal. The upfKsr surface of the Kxxi 
is very uneven, probably due to denudation after its deposition. The 
composition of the be<l is very varying. In one place it is compose*! of 
pure clay and in another position on the s^uno level it is of pure stuitd. 
•The clay is highly plastic. Some representative unwashed samples wore 
analyzed chemically. Two of those results are noted Ijelow: — 
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(General Oeology 

7. The origin of Talchir boulder beds in parts of Wajpangal 

district, Hyderabad (Deccan). 

C. Mahaobvak, Hyderabad (Deccan). 

During the geological survey of the eastern parts of Warangal district, 
outliers of Talchirs were mapped and studied in some detail. The 'basal 
boulder beds’ consist of a heterogenous assemblage of partially rounded 
l>ebbles and boulders of various sizes from lialf an inch to two or tlxree 
feet in diameter, all of which are emV^eddcjd in a fine arenaceous silty 
matrix. Both undecomposed and decomposed Jelspars occur in the matrijr. 
The so-called ‘striations’ are seen only in such pebbles and boulders as 
banded quartzites or gnmite gneiss and are entirely absent in the other 
rock boulders to wliich banding is not inherent. 

Sandstones from other geological formations in the area, such as 
the Pakhals or the Blamthis, contain both decomposed and undecomposed 
felspars in precusoly the same mann^ as do the Talchirs. Torrential 
rains in areas with certain types of topography easily account for the 
deposition of ‘boulder beds’. The paper attempts to show that these 
boulder beds of the Deccan owe their origin to fiuviatile and not to glacial 
agency. It is suggested that glaciation at tVie commencement of the 
Gondwana period manifested itself in pluvial conditions nearer the tropics. 

8. Tliermal mineral springs in the eastern parts of Warangal 

district, Hyderabad (Deccan). 

C. Mahadbvak, Hyderabad (Deccan). 

Two theruuil springs, onp in the bcnl of the Godavari, m>uth of 
Gundala village (17" 38' : 80"^ 56') and the other near Bugga village 
(17"' .55' : 80 44'), were observed during the geological survey of the 

eastern parts of Warangal district. The water from the springs bubbles 
up as small spouts intermittently and emits a strong sulphurous smell 
and is penieptibly acid in taste. The temperature of the water is about 
60 in both the springs. 

A careful examination of the two areas reveals clear fault zones 
iietween the Gondwami. formation (Kamthis) and the earlier rocks. In the 
case of Gundala spring, the earlier rocks are the Archaeans and in that of 
Bugga, the Paklials (Cuddapahs ?). The paper describes the geology of 
the two areas and discusses the probable causes of origin of these thermal 
mineral springs. 


Geography 

9. ( Jeomorphology of Tripura State, Bengal, 

K. L,^ Das, Agartala (Tripura State). 

The 8t^te lies between 22' 55' and 24“ 31' north latitude, and 91® io' 
and 92" 20' easti longitude. Two types of hill ranges have been noticed, 
viz. te<?tonic and subsequent ranges. The main ranges of tectonic origia 
from west to east are : Baramura, Deotamura, Atharamura, Longtarai, 
Sakhan and Jampui. The general trends of these ranges are north to 
south. Their heights are increosii^ from west to east, the trends of the 
subsequent ranges are diverse in directions. Th^y are the outcome of the 
erosional effect on the main country posterior to its formation. 

There are two types of valleys, viz, tectonic and erosional. The 
rivers Khowai, Dholai, Manu, Deo and Longai are fiowii^ tovii^rds north 
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following the tectonic valleys whereas Gumti, Muhiiri and Fenny are 
flowing to>vard8 w€^t and south-west following the erosional \ alleys. 

There are some fresh -water lakes, i.e. Rudrasagar and Brahma Bill, 
They are situated by the sides of existing rivers. Marshes and bogs are 
mainly confined to the western sides of the State. 

Amongst the perennial water-falls the Dumbura falls may be men- 
tione<L There are beautiful rapids of different origin at the river beds. 


10. Regions of Western India. 

C. T). Deshpandf, Dharwar. 

Western India forms one of the major divisions of the (country. 
Administratively, it includes the Bombay Province, Deccan and Gujarat 
States, Baroda, the Western India States Agency and the Portuguese 
possessions on the West Coast. Its orientation towards the Arabian Bea^ 
a long coast line, administrative and economic influence of the Bombay 
Metropolitan Region, have forged a bond of unity over the whole region. 
Owijig to these influences. Western India stands out as a distinct geo- 
graphical region. Its regional study can be suittihly undertaken on the 
basis of a primary division of the region inU> its cultunil xones, viz. 
Karnatak, Maharashtra, Gujarat, Kathiawar ami Cub h, .Sub-regions are 
distinguished on the btisis of the physiographical sotting and tvouomic 
development, since these, in Western India, are the major influences 
governing natural and (uiltural lands(.rape. This })aper suggests a division 
of Western India into its geograpVucial regions, and considers the major 
jfispects of the ge<^graphy of each region. 


11. A regional .survey of the Ganges-Gogra l)oal>. 

Data Ram Singh, Meerut and Maneck B. Pithawalla, Karaehi. 

The Ganges-Gogra Doab, the biggest serdion of the Up|>er Ganges 
Basin, the physiography of which w’as deiilt with last year, forms jmrt of 
the richest, most populous and most historically famous region of India. 

The Doal> is di\’i<led into physiograpliic sub*e€Kdion from the points 
of view of surface configuration, soil fertility, water -supjdy, cHonomic 
reeources, industrial [)ossibilitie8, population problems, lines of com- 
munication, etc. 

The main divisions are; 


Section, Major Sah-Sr^ion, 


M inor Suh*Sejci ion . 


Oanges-Gogra 

Doab 


(a) Upper Garigc^-Gogra 


ih) Middle Ganges-Gogra 


(c) lx)wer Ganges -(iogra 


(i) Thc^ Middle Haingauga 

Valh^y, 

(ii) The Middle Sarda V'alley. 

(iii) Tile Sot Valley. 

(i) The Middle Gangos-Gurnti 
Doab. 

(h) The Miildle Guinti-Oogra 

IXiab. 

(i) The Baran Valley. 

(ii) The Lower Tons Valley, 


In making the above divisions, the geograpiiica! jmculiarities of each 
is brought about and its general geology, surface topogn^phy, soils, Kalar 
lands, water resources, drainage, etc. are considerofl. Tiie Oanges-Gogm 
Doab is eom|>arahle wdth the Ganges-Jamna Doah in several gfxigraphieal 
aspects and ef^onomie conditions. In the pri^nt f»aper, an attempt 
is also made to indicate the geographical distribution of the various 
resources of the region with their irdiuenee on the life of the people of the 
Doab, which is the chief point of all such surveys. 
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12. A jplan for the development of the Thar desert in Sind: 

a study in applied geography. 

G. S. Raisinohani and Maneck B. PiTHAWAiiLA, Karachi. 

The present paper (leak with the Thar desert section which presents 
geographical features and characteristics of a physical imit. 

The paper in the first part reviews the geographical features and 
economic conditions relating to the soils, minerals, natural vegetation, 
animal life, agriculture, industries, settlements, communications and 
transport. The second part deals with the proposals and the plan for the 
development of the Thar. The iKuindaries have also been revised. 

A plan lias been formulated for reconstruction as follows: — 

{A) Improved water-supply : by collecting rain water in the large- 
sized reservoirs and employing small -sized wind mills for lift irri^tion; 
and by reconstructing cement-lined closed w^ator tanks for the drinking, 
cooking and washing purposes ; 

(B) Agricultural development: comprising (i) soil husband^; 
(ii) more economic and useful crops; (iii) more and better fodder; (iv) 
control of crop pests and diseases; (v) mixed farming; (vi) utilization of 
culturable waste lands ; 

(C) Industrial progress: including (i) cattle breeding and dairying; 
(ii) embroidery; (iii) weaving; (iv) leather works; (v) tanning and 
dyeing of hides; (vi) bone factory; (vii) exploitation of industrial and 
medicinal plants; 

(D) Social and economic uplift of the Thari people; and 

(E) Communications and transport. 

The paper is ac(?orapanied by a list of the natural vegetation of the 
Thar and a number of maps of Hind and the Thar drawn for the first tune. 

13. Intensive farming in the Punjab. 

Kazi Saiduddin Ahmad, Aligarh. 

In two previous papers the author discussed that water-supply was 
the principal factor in the ‘distribution of population’ and ‘economic 
holding’. In this paper ho has carried his argument further and shown 
that water-supply is also one of the principal factors in intensive farming 
in the Punjab, « 

Although the holdings are cliaracteristioally small, intensive farming 
is practised to a very limiteKi extent. Low standard of living,* priznitivd 
methods of cultivation, great Summer heat, passive attitude of the farmer, 
diet, slow urbanization, want of capital for the improvement of land, all 
stand in the way of intensive farming. Educational system has not been 
much adapted to rural needs. Even the economic pressure has not forced 
the hands of the cultivator into intensive farming to any appreciable 
extent, as the increase of population and rise in the cost of living have 
been amply offset increase in the cropp€Ki area, following improvements 
and extensions in irrigatiou. 

But though slow, there is a distinct trend towards commercialization 
of agriculture in the Punjab, specially in the canal colonies. Wheat, 
American cotton, sugarcane and oilseeds form the principal cash crops. 

14. Sind’s contribution towards national planning in India 

based on her geographical features. 

G. S. Raisinohani and Manhok B. PiTHAWAiiLA, Karachi. 

The paper discusses India’s unique position in the post-war reo<Hi- 
struotion in view of her vast economic resources and potentialities and 
further indicates Sind’s contribution towards Indian natronal planning. 
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The need and scope of Indian national planning liave been pointed 
out properly, by surveying the peculiar geographical distril>ution of 
crops, minerals, raw materials and industries with the help of maps, 
specially drawn. The method of attaining provincial self-sufficiency 
based iipon the geographical features of ^ each region has been presented. 
The exports of certain raw materials from India and the import of necessary 
finisheii goods and (consequent industrial Imckwardness, poverty, *unem- 
ployment and low standard of life in India have been (K>mmented upon 
with facts and figures. 

The main part of the paper devils with the geographical distribution 
of crops, minerals, raw materials and industries in Sind and the prospects 
of exports of some raw materials and of imports of finished goods. This 
shows Sind’s 8iu*plu8 produce which it can coffer in exchange of those in 
which it is naturally deficient. 

A plan for the economic^ development and industrial progress in 
Sind, based upon her geographical features, is well under wa>‘. 

16. Population trends of Parsi settlements on the West Coast of 
India. 

Beheram S. H. J, Rustomji and Mamkck B. Pithavvalla, 

Karachi. 

The Parais form a inu^roscopic minority in the country. In prt>- 
portion t(» the total populaition of India their porcontage comes to -03 oniy , 
* Thougli they are scattere?d all over India, they show extn:»m(‘ concentration 
on the West Coast. Nine-tenths of the country’s Parsi pojinlatiou 
concentrated iii the Bomf)ay Presidency, ami over half of that in the 
(iity of Bomba\ itself. The Parsis an* rarely found exc ept in colonies of 
their own, in Bombav , Surat, Xavsari, Broach, Karachi, INxma. et< . 

This jmper deals with the trcFids «>f the Parsi j^opulatioii on tl»e Wiwt 
Ck>ast. It shows how it is distributed, what has hcfMt the tnuid of its 
growth, how^ the population luuj been di\ ide<l into nrl»nn and rural are^is, 
Britisli and Nativ'e States, and what the teiulenc\ of its migration from 
one place to another is. It alsfj nTers to the age distribution, civil (con- 
dition and vital HtatiHti»*s of the community^ The itumu trend of the 
community, as re\'eahsl by the census figures, ‘distirKdly suggest h a danger 
ahead 

The partial decuw^ of s#*ttiemcnts as in Broach and Surat and the 
rapid grow th c»f (olonios like Karachi and Poona arc nmrked as of special 
interest. 

Tlio jMipcr is acc.ompanied hy nuvps, diagrajvis and graphs. 

16. Inigatiou in India,, 

Georok Kpriyan, Madras. 

The paper gives a geographic af(‘ount of irrigation with a dotailcxl 
survey of the various modes of irrigation as thej' are jiractised at the 
pliesent day. Methods for the expansion of irrigatipn ami for improving 
the distribution and lifting of water are suggewted. Idie fiudor of fmwer 
development from irrigation reservoirs is also disciisHf^d. 

17. Hydro-eJectritJ development in South India. 

G. Ktriyan and Sri P. Kannan Nair, Madras. 

The paper attempts to d(^flcril>e and di»(ni«« the plaito of water power 
in South India, vyliat it has done and could do for the industrial regeneratioti 
of a region lacking in any other form of poww. The rec'imt d6%^e!opinente 
of power have all been followed up by a tn^numdous phme of very rapid 
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iiuluBtrialization. Nothiixg is so vital to India as the dovelopnwnt of 
her laitent power resources, which will be the preoiiraor of ftn. industnal 
age in India. Japan with poorer resources both in power and rawmateriw 
has been able to develop her industries very much more fully. India has 
a mucli higher potential which however is allowed to lie dormant. It is 
time that it is fiilly tapped. 

18. the marine fislierii^ of the Sachin State. 

S. T. Moses, Baroda, 

Introduction— The fishing caste—Machi^Nets, boats and capital 
invested — Other occupations — ^Health, sanitation, education, etc.— 
Fishing and methods — ^Fishing grounds — Stake nete— Destruction of 
small fish— Drift nets— Drag nets— nets— The barner imt— 
Mudskipper fiBhing — Seasons of fish — Chief kinds of fish, prices, etc* 
other kinds of fish— Fish trade— Sales— Markets— Payments— Monsoon 
difficulties — Suggestions for fishery development. 


SECTION OF BOTANY 
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Algae 

1. An ecologico- physiological study of the algae of rice helds 

of the Punjab and Kashmir. 

Shams-ul-Tsi.a.m Khan and P. L. Anano, Lahore. 

Algae from eome rico fields in the Punjab and Kashmir have been 
etiulied. Attempts have been inatle to prefmre pure, unialgal and baeteria- 
free cultures, of some of the algae. A intHlification of H. C. Bold’s method 
has been suggested for the isolation of algae. In all 350 8f>ecie8 belonging 
to various groups have been distinguishe<l. which include three new species, 
six new varieties and five new forms. A number of new rei^ords for rice 
fields have been addtxl. 

2. Suec€*B8ion of algae during the stages of eoinplete reclamation 

of barren Kallar soil in the Punjab, 

Shams-tl-Islam Khan and P. L. Anand, I^hore. 

In the initial stages of succession Myxophyceae are the [>ionwr forms 
especially those that are provided wdth thick, firm, gelatinous or 
mucilaginous covers or sheaths. As the soil is roclaimcKl, the fiardy forms 
of Myxophyceae disappear and the delicate ones take their place. 
Clilorophyoeae in th^^ true sense appear but quite late in sur^tessioii. 
When tlie soil approaches the end of recdamation the Chlorophyceae l>eeome 
very dcmiinant. 

The pH value of the medium ap):>ears to Iw the <*hief (‘ontrolliiig 
factor in succession. 

3. Algal vegetation of the estuary of the Gointi river. 

8hams-itl-Islam Khan and P. L. Anand, Lahore. 

The algal vegetation along the Oorati Qhat is not so luxuriant as 
on tlie rocks in its vicinity but there is clear zonation present. The 
following Vxtlts are recognized: — 

1 1 ) Lynghya confenmidea — Calothrix pulvinata — beU, 

{'2) Chroococeus minntuM — Calothrix contrenpi — belt, 

i c J Enter omorphftr — X^lva — bell. 

In all fi7 spocdes, 13 belonging to Chlorophycrea»e, 1 to Phaeophyceae, 
5 to Rhodophyceae and 48 to Myxophyceae,' liavo biM>n rec‘orded. It 
includes one new specrios, two new’ varieties and one new’ form, 

4. Study of algae from Ka.shmir, 

Shams-tjl-Islam Khan and P. L. Anand, Lahore, 

The paper deals with a study of the algae collected by Mr. Pinfold, 
nullahs near Srinagar, Gulinarg and Ningal. In 
all ITS species liave been desc?ribed including four new species, twelve new 
varieties and four new forms. 
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Fungi 

5. Experimental studies on the parasitism of citrus fruits by 
PeniciUium digitatum mccardo. 

H. K. Babuah, Calcutta. 

PeniciUium digitatum sacc* infefjts oranges tlirough wounds and 
causes a soft-rot. Infection is possible only if the wound extends through 
the epidermis and the layers of subepidermal cells which are not attacked 
and Bdftened by the enzymes secret^ by the fungus. Oranges with one 
or two layers of resistant cells only are attacked d^ough shallow wounds 
and may be termed susceptible to attack. Oranges with three to four 
layers of resistant cells are not attacked through shallow wounds and may 
be termed resistant to attack. Invisible wounds sufficiently deep to 
allow infection to occur can be detected by immersing oranges in an 
enzyme extract coloured with methylene blue. 

PeniciUium digitatum grows readily in culture. The rates of spread 
of colonies are greatest on agar media to which orange juice or extracts of 
orange rind are added. The weights of mycelium formed in liquid media 
are greatest in those enriched with orange juice or extracts of orange rind. 

The production by PeniciUium digitatum of enzymes which attack 
])ectin and plant tissues is also favoured by orange extracts. The 
maceration of orange itssuo is due to the removal of pectic material, the 
hemicelliiloses and cellulose not being attacked. 


6. Fungus flora of the soil and rediudion of carbohydrates by 
them. 

SoM Dutta and H, Chaudht^ri, Lahore. 

An ecological survey of the fungal flora of KaUar soils and some 
under reclamation has been made. There is a gradual increase in flora — 
both in spec'ies and numl>er — as we proceed from unretdaimed KaUar soil 
towards reclaimed one. 

Besides above, the fungal flora of paddy fields and of sewage farms 
have been studicKi. Soil from sewage farm has l>eon found to be richest 
in flora. 

Paddy soil was poorer in flora during the time when flelds were 
flooded with water. But afttjr the crops had been harvested there was a 
general increase. 

Aspergilli were most abundant both in sf>ecies and number, • Penicilli 
fall next to them, Muoorales were altogether absent in the KaUar soil 
due to the absence of organic matter, but they were much abundant in 
sewage farm soil on account of its being richer in organic matter. 

During winter the number of fungi in the soil was greater than in the 
summer months. 

Soils rich in organic matter and neutral or slightly acidic in reaction 
are richer in fungal flora than those which are poorer in organic matter 
and alkaline in reaction. 

Begarding reduction of ct^rlxjhydrates, Mucorales though altogether 
inactive towards cellulose were found to l>e most active reducers of starch. 


7. Hereditary (seed-borne) symbiosis in Ca^marimi eAjtiiselifidw 
Forst. 

H. K. Bosk, ("alcutta. 

In continuation of my work on symbiotic fungus in Oasuarina 
equiaetifolia reported last year in Proc. Indian Sdetice Congress, 

Calcutta, 1 943, the fungus has been provisionaUy identified as Phome 
ccmtarinae Tarsi. The fungus in the pericarp -wing of the fruits and in 
seed-coats infects the radicles of seedlings and comes \iot on the outside 
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of tJie radiele, five-septocl hyphae can be »e©n along with the dense rows 
of root-hairs when seeds are germinated on moist filter-paper in petri- 
dishes. Micro-Kjeldahl estimation is going on to find out if it can fix free 
nitrogen from the atmosphere in pure cultures in nitrogen-free (sucrose 
and mineral salts) medium. 

Out of C. eqtii^etifolia a cutting was prepared in two months. Roots 
of this cutting showed the characteristic hypliae both on the outside 
and also in their sections. The fungal hyphae have been found throughout 
the body of the plant, though not in aggressive form, viz. in roots (nornml 
and coral Joid in some cases), sterna^ branches and gi’oen branchlet|, fruit- 
cones, capsules and seed-coats; only the endosperm and embi*yo are free 
from fungal infection. Thus, every Casrmrinn equl*tetifolia plant is found 
to be a dual organism, harl>ouring a fungus in its seeds. The syinbiotici 
relation, thei’efore, becomes here<litary. 

Sf>oradic formation of to tropic my<H>rrhiza has been expertmentally 
protluced in roots of a number of seedlings. In the course of to 4 months 
roots of such seedlings bore bunches «>f comlloirl roots (?ontaiuing copious 
rod-shaped l>*K*tcria ^^nd prominent zooglea-throiids. Examination of 
fruits of 8e^'e^ other species of Casunrina from Australia shows the 
invariable presence of coil of septed hyjihae in their poricarj)- wings. 

According to Melin (lllHU) inyo orrhizji may be regardo<l as nutrient- 
absorbing organs (espwialiy nitrogen -assimilating organs) for the higher 
symbionts. He holds that they tlo not assimilate frw atmospheric 
nitrogen. Views fd sevc^ral workers, viz. Narasinhain (1918),, Rao (1923), 
Cliaudhuri (1931), and Aldrich-Blake (1932) a.H regards assiinilation of frtx'* 
atmospheric nitrogen b\’ bacteria in roralloid roots of e’jnisetifoha 

have been given. 


8. Pathological histology of necrotic mango fruits. 

S. N, Das Gupta and S. N, Asthana, Lucknow. 

Detailed study of the pathological liistology of necrotic mango fruits 
has iKJen carried out by cutting rnieroiome and hand sections of such 
fruits at different stsjges of the cJevelopment of the disease. Other tcxdi- 
nique, the details of which have been given in the paper, had also l>een 
employed. The interesting results obti^iiie^l are incorporated in the 
paper. 

9. Fiirtliei investigations on the intddence of black-tip disease 

rn mango fruits. 

S. N. Asthana, liucknow. 

While stiidying the effect of S 02 un mango fruits it w'tis thought 
desirable to see if the gas penetrates through the stalk. Thesw^ were, 
therefore, enclosed in small gas chambers spefiially designed for the pur- 
pose. Effect of H 02 on such sttdks, lK>th staticially and dynamicaUy, was 
studied by filling these gas cliambors with tlu^ roquire<l quantity of the 
gas while the fruits w ere still on the trees. The experiments wore refieattxi 
in tlie laboratory at different temperatures on tl»e phK‘kef.l fndts. 'Hie 
technique of the experiment and the results are given in the paper. Other 
expf-vriments to induce the disease in hexUthy fruits and to check it in 
di^^sed fruits as also the anatomy of the treatiHl stalks were also done. 

10. Some new or noteworthy fungi. 

M. J. Thirumalachar, Bangalore. 

Two new B|>ecjies of Puccinia, P, VoltUnrelUm Thiruinalachar, F, 
BeUurenaw Thirumahwdiar, are proposecl for the accommodation of ruista 
occurring on Volutarella divaricata Benth. anti Evotimius al^inoideii L. 
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The telial stages of Aeddinm Blepharidis haying been found out and 
Fttcivinia ^oerhaaviaefoUae is proposed as a new species. 

1 1 . Studies in the Ustilaginales . II . On the mode of infection 

of the Bajra plant {Penniaetum typhoides Stapf.) by the 
smut Tolypoaporium Penicillariae Bref. 

R. S. Bhatt, Lucknow. 

An ©pcliaustive study has been nxade of the various possible modes of 
infection (seedling, shoot, floral and localiaied) by Tolyposporium Pent- 
cUlaHae Bref. It has been found that the infection takes place through 
the flower. The stag© of maturity at which successful infection is possible 
and also tho methods by which it can be brought about have been worked 
out in detail, The paper also includes the observations on the course 
taken by the infecting hypha, source of infection, the extent of damage 
in the early and the late sowings, and the increase in the intensity of the 
disease during successive cultivations. 

12. Studies in the Ustilaginales. III. The cytology and the 

mode of sporehall formation in Tolypoaporium Penicilktriae 
Bref, — a smut of Bajra. 

S. N. Das Gtjpta and R. S. Bhatt, Lucknow. 

The paper deals with the beliaviour of the nucleus of the mycelium 
of Tolypoaporium Penicillariae Bref. during the different phases of the 
sporeball formation, starting from the young mycelium to the rip© spore. 
Various stages during sporeball formation which begin with the gelatinis&a* 
tion of the walls of hyphae, tlieir differentiation into sporogenous ones, 
the changes involved during interlacing and intertwining and the struc- 
tures met with up to maturity have been closely followed. 

13. Studies in the Ustilaginales. IV. The cytology of germina- 

tion of tho spores of Tolyposporium Penicillariae Bref. — ^a 
smut of Bajra. 

R. S. Bhatt, Lucknow. 

The paper deals with the nuclear changes involved during the 
germination of a uniniK^leate ripe spore by promycelium or by hypha and 
filso the nucl€>ar changes during sporidia! conjugation and their sub- 
sequent germination. 

14. Further observations on the incidence of black -tip disease 

in mango fruit, 

G. S. Vebma, Lucknow. 

Ill© paper deals with certain experiments carried out for the last 
few years on tho incidence of necrosis, viz.: — 

(а) effect of profuse watering of trees; 

(б) utilization of various devices to prevent kiln fumes reaching the 

fruits ; 

(c) inversion of fruits wliile growing on trees, etc. along with other 
observations on the ocourrenee of the disease. 

16. ^ Mundkurella, a new genus of smut. 

M. J. THiRUMAhAOHAK, Bangalore. 

A new genus of smut MundkureUa has been establk^ed to 
acoommodate a smut on Heptapleumm Venuloaum Seem. The sori are in 
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fruits, steani and leaves; heterosporous, consisting of two -celled deep brown 
8|>ore8 and large one-oelled hyaline spores, germination as in XJstil^ginaceae. 

16. Tip-j>ulp of the mango fniit. 

G. S. Verma, Lucknow. 

Symptoms of the disease are described. Attempts to isolate fungal 
or bacterial organism have failed. Experiments to reproduce the disease 
by inoculation of diseased tissue to the healthy fruits have yielded negative 
results. 

17. Occurrence of jihalloids in Lucknow. 

H. P. Chowdhttby and G. S. Verma, Lucknow. 

Avzthors have collected a number of phalloids from the lieighbourViood 
of Lucknow. The collection includes several genera — Lysurus, Anthurus, 
Simblum, etc, — which liave not been re<^orded from the Unite<l Provinces, 
The details of structure along with illustrations are given in the paper. 


Bryoph3rta 

18. A systematic study of the mosses of the N.W. Himalayas 

and the Punjab plains. 

EIhtjkshid Ahmad and R. S. Chopra, Lahore. 

Since very little work has been done on the mosses of the North- 
Western Himalaj'us and the Punjab plains, the present study is an attempt 
to work out systematically the mosses of this areti. In the present work 
79 species belonging to 34 genera and 12 families have hem described* 
The species describe in this paper may be grouped under three heads, 
namely : — ■ 

Gfroup I, 

Mosses that have njccntly l)oen tiescriljefl as now by Dixon — 
(7 species). 

Group //. 

Mosses that have been named as now by Dixon but have not been 
publishetl so far (o sjx'i ies). 

Group III, 

• Old established 8f>e<‘ies (i7 in luimbor. 

All the skett-hes and the de8<*ription of the momoH in the II ami 
III groups have been drawn from the material in the herlmriurn of the 
Punjab University. 

19. Liverworts of Lucknow and its neighbourhood. 

S. K. Pan BE and S. Ahma d, Lucknow. 

Collections of liverworts from Lucknow and its vicinity prior to the 
year 1935 include; — 

(1) RiA^ia Frostii A\mt. (™ /^, sam/iimeu Kash.); (2) i?, cryskdlina 
L. (== R, robu^ta Kash.); (3) R, discolor L. at L. (» R, 
himalayenHis 8t.); (4) H, dicty<mpora Howe; (5) R. fiis- 
Uinospora Kash.; (6) R, gangetica .Vhmad; (7) Opaihodmnt 
tuberosum Kash.; and (8) Nototfiylcss indtea Kash. Bince 
1935 the authors have frequcmtly notice<l: (9) Fimbriaria 
a^igmta Bt, and (10) Plagiocfumm articukUum Kash. 
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(Residency Garden, Lucknow); (11) Eiceia cnu^mta Kash.; 
(12) jR. plana Tay, {E. numgalorica Alixnad is probably a 
synonym of this plant) ; (13) R. Cttrtisii Jameson (on the 
banks of a Jhil near Mohanlalgunj ) ; and (14) Anihocerotf 
criaptdtis (Mont.) Duin (by the side of a stream near 
Bachhrawan). * 

i?. plana f E, Curtiaii and Anthoceros criapidtis are recorded here for 
tlie first time from India. Possibly those are growing somewhere at the 
base of the Kufoaon-Himalayas and have been brought down to the 
plains by the Barda canal. 

20. Riccia discolor L. et L. : its allies and wynonyms. 

S. K. PandA and 8. Ahmad, Lucknow. 

Eiccia discolor L. et L., as at present known (Btophani, Sp, Hep,, I, 
p. 19), is base<i on sterile material {Nepal, Wallich and Dehra Dnn^ 
Dutliie). 

The authorfl, who have examined most of the Indian species of Eiccia, 
including the original fertile specimen of E, discolor (Duthie, Dehra Dun, 
1882) conclude that: — 

(1) E, discolor L, et L., E, crispcUtila Mitt, and E, Imnalayensis St, 
are identical, E, discolor being the oldest of these should 
be retained as an authentic Bi^ecies and the other two reduced 
to its synonyms. 

{2} The monoecious Riccia with ec^hinate spores included by 
Kashyap in R, himalayensis 8t, is identical with Eiccia 
dictyospora Howe. 

(3) E. ganyetica Ahmad is a genuine species, differing from E, 
discolor in sexuality, spore ehanicter and thallus and i?. 
dictyospora in spore charac^ter and sexuality. 


Pteridophyta 

21 . Preliminary report on the origin of slioot-borne roots on 
adult internodes of Marsilea quadrifoUa L. 

Girija Prasanna Majitmdar, Calcutta, 

Occiurence of adventive roots on adult intemodes is a normal feature 
in Marsilea quadrifolia, Tliiey are borne at regular intervala on the 
underside of the creeping rhizome, their number incimsing with the length 
of an intemode and as many as five such roots have been counted on 
an intemodo five inches long. The origin of these roots can be traced 
up to a little behind the growing apex and the nodes. 

The stem has a solenostele which is amphiphloic. The lateral root 
causes a gap in the stele, which is soon repaired. But the gap in the 
xylem cylinder remains open for a long time. The place of origm of the 
root primordium is fixed and is between the pair of protoxylem groups 
on the lower side of the steui. Thus all the lateral roots on an intemode 
appear in a single row parallel to its long axis. 


Gymnosperms 

22. Embryology of Cupreasus funebria (Endlicher). 

(Miss) Mona Siekar and P. N. Miiihba, Lahore. 

Ovules are initiated in the beginning of August. In one and a 
years they form the seeds. In early winter no change takes place in the 
tissue of the ovule. 
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The sporogenouB tissue is foWy massive and msgaspere mother oetis 
from J--4 appear at any time in the month of March. The pollen grain 
is shed by the end of February in the ohe-ctell stoga. 

The usual diad and a somewhat linear tetrad is formeil by the middle / 
and end of March. , 

As many as 1,063 free micloi are eoimteil in the embryo sac before wall 
formation begins. The ai’chegonia are developed forming a complex of 
14-17 arohegonia which is surroimdecl by a well -d iff arentiatad jiM^ket, 
in the middle of May. The pollen tube reaches the archegonial complex 
with its content of a large body cell, two small sterile nuclei (the stalk 
and body nuclei). The neck of the archegonia is tiered unlike tlie other 
members of the Cupresaineao investigtdoci. The l>ody cell gives rise to 
only two identical and hemispherical male gametes, lliis result differing 
in this respect from tlio work of duel and Doak in two other B;>ecies of 
cupresses. An abnormal case of fusion of egg nucleus with ventral 
nucleus was also obser\ od. 

Tlie fertilized egg sinks to the bottom of the tvnrhegonia before 
division. The usual tiers of j^ro -embryo are formed. The embryo systems 
were dissected by Bucholz method in November and wore found to have 
suspensors and sec'ondarj’ siispensors. 

23. Seedling anatomy of Kome species of the genus EpIuHlni. 

A. N. Chaddha and P. N. Mehra, Lahore. 

In the present investigation seedling anatomy of 8 species of the 
genus (6 Asiatic and 2 non- Asiatic) has been undertaken. The results 
confirm the investigations of Hill and De Fraine on the seedling anatomy 
of some other specues of the genus in general. It is f pointed out that 
the tract of the transfusion tissue Joining the end of tlie plumular strands 
with the cotyledonary traces is not of a spcxdal nature hh jx^inted out by 
Hill and De Fraine, but the region represents tlie real cotyledoiuiry node 
in which the plumular strand has undergone sudden bifurcation to join 
the cotyledonary traces, associate!! with the af)pmrance of transfusion 
tissue elements and represents the same general plan as in an ordinary 
node of tlie stem in the genus. 

24. Anatomy of shoot in Home Asiatic spoedes of the gemis 

Ephedra. 

A. N. Chaooha and P. N. Mehra, Laliore, 

Anatomy of the primary vascular system of four sj>ecios of the genus 
has been investigated. In K. JoUata branches with two, thrw and foijr 
leaves at the node hav^e l)een observed and amitomically studied. Varia- 
tion in number of vascular bimdles even in the same branc^h in <lillcrent 
intemodes is a common feature of all the four species. In a few cuasos in 
E.foliata branches bearing two and three leav^es in successive intemodes 
have been noticed and the alteration in the general plan of the vascular 
system investigated. 


Angiosperms. (i) Morphology 

25. Tlie embryo-sac and embryo of Satyrium nepalense Don, 

B. G. L. SwAMY, Bangalore, 

The embryo-sac develops acjcording to the Normal Type, though 6- 
nucleate sacs ivr© of oc-casional occurrence. The haploid chromosome 
nurnber is 41, The development of the suspensor is very variable, 
exhibiting all stages in the reduction of the suspoixsor organ and fimally 
completely eliminating it from some embryos. When embryological 
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evidence is taken into consideration it is manifest that Saiyritim nepalenet 
X/on. may ^ be looked upon as a form holding an intermediate position 
between the sub-tribe Habenarieae and the tribe Cypripedieae. 

'26. A contribution to the siiructure of the pollen grains in the 
Gramineae (tribe Paniceae), 

M. "Saybudud-Dik, M. Abdijs Salam and M. R. Suxena, 
Hyderabad (Deccan). 

The structure of the pollen grains in 24 members of the tribe Paniceae 
has been studied in detail. They are spheroidal in shape, ranging in 
siase from 21*3 /a to 39*94/* in diameter. As in the pollen grains of the rest 
of the grasses, those of the Paniceae possess a characteristic single germ- 
pore, consisting of a small aperture surrounded by a thickened rim of the 
exine and crosaed by a delicate transparent membrane, bearing a rather 
conspicuous thickening — -the operculum at the centre. The diameter of 
the aperture ranges from 4*26/* to 9*94/*. The shape of the pore is almost 
always circular. The diameter of the operculum ranges from 1*4/* to 
4*26/*. On the whole the pollen grains of the grasses are much more 
similar than dissimilar, and do not prove useful in the generic or specific 
identification . 

27. On the oc'.currence of polyembryony in Sonerila. sp. 

K. Subramanyan, Bangalore. 

Embryological studies carried out by the writer on a species of 
Sonerila (S. elegana ?) has revealed an interesting type of development 
of multiple embryos. From the basal suspensor cells six longitudinal 
groups of cells are differentiated. Two of these, which are laterally 
disposed, develop further into small embryos up to tlu*ee -celled stage. 
The only other case of polyembryony so far recrorded in the family 
Melast<imaceae is in Oahcckia himipvdiasima by the writer where it is from 
the nucellar cells. 

28. Cases of antipodal polyembryony in Alanginm Lamarckii 

Show. 

D. M. Gopinath, Bangalore. 

Development of multiple embryos from antipodals is a rare feature 
among Angiosperms. Antipodal cells developing into embryos have 
been doubtfully referred to in Alnus and Allium. The antipodals in 
Alangium Lamarckii, which are normally nucleate, develop in some 
oases into 3-4-ceiled pro-embryonal stage. Further development is 
arrested, probably due to want of nutrition. 

29. A contribution to the embryology of the genus Cassia. 

J. V. Pantultt, Vizianagram. 

The development ,of the ovule and embryo-sac has been studied in 
Cassia occidentalis Linn., C. ohtusijolia Linn., C. glauca X#amk., O. glauoa 
Lamk. var. auffrtUicoaa Koenig., C. marginata Roxb, and O. aiamea Lamk. 
The ovules in all species are anatropous and bitegmic. The izi|*egume(nt 
initials appear only after the primary archespor^ cell hiw cut off the 
primary wall cell. The micrw;^e is somewhat zigzag and is formed largely 
by the outer integument. Further, in the region of the micropyle 
outer integument for a short distance is separated from the ixmer by a 
small air-space. The nucellus is quite massive. The formation just 
before fertilization of an epidermal cap at the mioropylar end of the 
nucellus with a small beak projecting into the micropyle is oharaoteriistio* 
The epidermis of the funicle and the adjacent part of the outer integument 
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on the outer side remams ineristematic for a long time and close to the 
hilum grows out into a short hump-like structure, which persists t^oughout 
the life of the ovule. 

The primary archesporium in all species is hypodermal and a primary 
wall cell is always formed. The earlier records about the occurrence of 
sub -hypodermal archesporium in some species of Cassia appear to be 
£dl doubtful. The megaspore-mother cell gives rise to a linear or T-^haped 
tetrad of megaspores, of which the chalazal develops into an 8 -nucleate 
embryo -sac according to the normal type. In one instance in C. glauca 
var. suffruticosa an isobilateral tetrad of megaspores has been observed* 
The synergidae are prominently hooked and show the filiform apparatus. 
The egg is pyriform and slightly larger than the synergidae. The anti- 
podals are de^finite cells and persist till the time of fertilization. The two 
polar nuclei meet near the egg apparatus. They fuse only just before 
fertilization. 

30. Some observations on pollen development in Myristica 

fragrans, 

A. C. JosHi, Benares. 

The central stalked anther- bearing column in the male flowers appears 
to be a prolongation of the floral axis rather than a structure form^ by 
the union of the filaments. The tapetum is of the secretory type. The 
tapetal cells remain uni-nucleate. The pollen-mother cells in an anther- 
lobe are arrangeHi in a single row. The pollen tetrads are isobilateral. 
The generative cell is cut off towards the inner side of the pollen grains. 
The mature pollen grains are 2-celled and possess a single germinal furrow. 
The exine is reticulate and minutely tuberculate. The investigation 
supports the close relationship betw’-een Myristicaceae and Anonivceae. 

31. A preliiuinary note on the embryology of Casuarina 

equisetifolia Forst, 

B. G. L. SwAMY, Bangalore. 

During microsporogenesis the wall layers and the tapetum are formed 
by the sporogenous cells. Ovules have two int^eguments and the arche- 
sporium consists of two to three cells and as many as 20 embryo-sacs 
attain maturity and are capable of being fertilized. The p>olIen grain 
germination on the filiform stigma and the pollen tube traverses through 
the tissues of the ovary and comes to the chalazal region of the ovule; 
here it sends out branches and the particular branch which contains the 
sperm nuclei enters the nucellus between the antipodal elongations of the 
embryo-sacs and on reaching the micropylar tip of a particular embryo-sac, 
pierces the embryo -sac between the egg apparatus and the embryo -sac 
membranes and discharges its contents. Double fertilization is accom- 
plished. 

Endosperm is at first nuclear but later become cellular. 

Stages in the development of the embryos are normal Abnormalities 
like the occurrence of double nucelli, fertilization of more than one embryo - 
sac in the same ovule, entry of two or three pollen tubes into the same 
ovule and various kinds of polyembryony are reported. 

32. A contribution to the embryology of Thymelaea arvensis 

Lamk,, with remarks on the affinities of the Thy- 
melaeaceae. 

J. Vbnkateswaklu, Guntur. 

The wall of the anther at first consists of the epidermis, endotheoium, 
a middle layer and the tapetum. The epidermis is ruptured in the mature 
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anthers and the layer between the endothecium and the tapetum gets 
cruidied. The pollen grains at the shedding stage are 3-nucleate, but in 
a few cases multi-niioleate pollen grains have also been observed. The 
sperms are elongated. Starch is present in the pollen grains. 

The solitary ovule is anatropous and bit^mic. The micropyle is 
formed by the inner integument. * The nucellus is well developed, possesses 
an epidermal cap and a strand of elongated cells in the cbalazal part. 
The pnmary archesporial cell is hypodermal and cuts off a primary wall 
cell. The megaspore-mother cell gives rise to a linear tetrad of megasporeSt 
of which the chalazal one gives rise to an 8-nucleate embryo -sac according 
to the normal type. The antipodals increase in numter and j>er8ist, 
though in a degenerate state, even after fertilization. Fertilization is 
porogamoiis. An obturator is developed from the base of the style. This 
descends down into the micropyle and helps to lead the pollen tube towards 
the embryo -sac. The pollen tube empties its contents in one of the 
synergids. Double fertilization and triple fusion occur. The endosperm 
is developed according to the nuclear type. In later stages, it becomes 
cellular on the periphery, but remains free nuclear in the central part. 
It is completely consiim^ by the embryo in the mature seed. 

The embryological study supports Hutchinson’s inclusion of the 
Thymeloeaceae and Nyctaginaceae in one order Thymelaeales. 

33. On the lenticek and stomata in mango fruits. 

S. N. Astiiana, Lucknow. 

The origin and formation of lenticels which develop independently 
of the stomata have been traced in mango fruits. All such lenticels are 
first formed in the ovary. One or more of the cells becomes thick-walled, 
the middle lamella splits and cells get detached from the tissue and form 
a cavity. Such lenticels enlarge in size by further thickening and dis- 
solution of other cells as the fruit grows in size. 

The development of stomata which are formed from an epidermal 
cel! as also their distribution have been studied. All the stomata are 
formed when the fruits are as small as *15 c.e. in volume. These spread 
apart as the fruits enlarge thereby decreasing the number of stomata 
per unit area. 

34. Development of the embryo-sac in the Convolvulaceae. 

V. S. Rag, Bombay. 

Development of the embryo -sac has been studied in six species of the 
Convolvulaceae belonging to three genera, namely, J acqtiemorUia violcusea, 
Ipomea pulcheUa^ I. Horsfallme, /. obacura, /. sepiaria and Operadina 
Turpethum. Two or three primary archesporial cells are occasionally 
present in Jacquemontia. Otherwise there is always only one hypodermal 
archesporial coll, which differentiates before the origin of the integument. 
Parietal tissue is formed in all the species, the archesporial cell cutting off 
a primary wall cell in every case. The development of the embryo-sac 
corresponds to the normal type. The antipodals are short-lived. The 
fusion of the polar nuclei is long delayed. 

35. A contribution to the floral organogeny, structure and 

development of the micro and megaspores with their 
gametophytes and embryology of Aristolochia hracteata 
Retz. 

B. N. Mulay and G, D. Bharnaki, Karachi. 

1. The geographical distribution and ecology and economics of 
Ariatolochia brctctecUa Retz. and the family Aristoloohiaoeae have been 
dealt with. 
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2. A study of germination reveals that Ariatolochia braeteata Betz. 
illuBtmtes simultaneous germination with an average germina^m of 31%. 

3. Development of pollen grains heus been recorded as normal. 

4. The p^Iination mechanism has been tlioroughly investigated. 
In case the insects fail to visit the flower, self-pollination is secured by 
growing of the jwllen tubes up to the stigmas of the same flower. 

5. The mature embryo -sac shows a normal egg -apparatus, three 
small anMpodals, which persist till fertilization, and two polar nuclei 
which usually lie in the upper half of the embryo -sac, and ultimately may 
or may not fuse with each other. 

6. One male nucleus fertilizes the egg, the other fuses with either 
one polar nucleus or the resultant of both polar nuclei. Fertilization is 
porogamouB. 

7. In embryogeny a short proembryo of three to five cells is formed 
in the beginning. The terminal cell of this proembryo develops into the 
embryo proper, while the other cells form a short but slightly massive 
suspensor. 

8. A portion of the nucellus is left in the mature seed unabsorbed 
and persist as perisperm. The endosperm formed is extensive and 
copious. 

9. The aril arises from the spongy development of the raphe and 
almost covers the seed on one side. 

10. The embryo is minute. 

11. Further work on other members of Aristolochiaceae is in 
progress. 


Angiosperms. (ii) Anatomy 

36. Anatomical study of the mangroves of the Koringa forest, 

Cocanada. I. Xylocarpus obovatus A. Juss., syn.; 
Carapa moluccensis Bedd. 

M. Sayeedud-Din, Hyderabad (Deccan) and 
V. Venkateshwarlu, Masuiipatam. 

As a preliminary to the comparative study of the anatomy of the 
mangroves of the Koringa forest near Cocanada, the anatomj' of Xylocarpug 
obotmtiis A. Juss. has been studied. The following characteristic features 
have been noted: — 

( 1 j Single- layered hypoderm in the leaf. 

(2) Lack of special subsidiary cells adjoining the stomata. 

(3) Rounded secretory cells occur in the pericyclo. 

(4) Tlie rachis and midrib possess a ring of vascuilar b\mdles with 

narrow medullary rays. 

(5) In the axis, isolated stone-cells are common, and groups of 

bast fibres occur in the pericycle. 

(6) Clustered crystals of oxalate of lime are abundant in both the 

leaf and the axis. 

37. Anatomy of Hibiscus sabdariffa Linn, var, aUissima. 

B. C. Kundu, Calcutta. 

HibiBcus sabdariffa Linn., particularly the variety altiasima^ has been 
of late regarded as an important fibre crop. It has been mentioned by 
early workers as a fibre-producing plant; but except the recent work 
of Kundu and Datta (1943) on the vascular diflerentiation in this plant 
nothing is known about the anatomy of the stem and the structure and 
development of the flbres which have been described in this paper. 

In an intemode from the base of the stem secondary xylem forma a 
thick zone occupying the greater part of the radial d^th of the section. 
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The fleoondary phloem forms pyramidal wedges with broad bases and 
tapering enuis (phloem ton^^es) containing altmxating patches of soft 
tissues (sieve tubes, companion cells and parenchyma) and fibres. 

In a phloem wedge the fibres at the extreme end of the wedge are 
developed from the protophloem •region; the rows of inner fibres develop 
later by the iwstivity of the cambium in connection with the development 
of the secondary phloem. The process of development of the protophloem 
and secondary phloem fibres agrees in all essential details with those 
described by Kundu (1942) in jute. The protophloom fibres are longer 
and wider than the secondary pldoem fibres. 

38. The floral anatomy of Ruellia tuheroaa. 

V. S. Rao, Bombay. 

From the vascular ring of the thalamus, ten bundles are given out 
for the calyx. Five of these are large and alternate with five small ones. 
Just after their emergence, the calyx traces, especially the larger ones, are 
tubular, but afterwards each divides tangentially into outer and i^er 
branches that are radially arranged with respect to each other. It is in 
this paired condition that the caljrx traces enter the calyx -tube, but here 
the inner member of each pair speedily fades out. The smaller bundles 
may not show this bifurcation. The vascular supply of the calyx thus 
consists of ten bundles. The five larger ones are the midrib bundles, 
while the alternating smaller bundles represent the fused laterals of adjacent 
sepals. After the departure of the calyx traces, the stele of the thaleunus 
again gives out five large bundles alternating with five small bundles almost 
at the same level. The smaller bundles are the petal traces. The five 
larger strands just below the separation of the corolla-tube cut off towards 
the outside small flattened bundles and then disappear. The flattened 
bundles also enter the corolla-tube and are destined to become the staminal 
traces. Four of thorn supply the functional stamens, while the j^sterior 
one goes to the staminode. The functional stamens arise in pairs from 
the corolla-tube. The staminal traces in the region of the connective 
give off branches, which run upwards and downwards in the anther-lobes; 
and finally l)efore vanishing at the apex of the connective they fork into 
two branches. This supports the origin of the stamen from a dichoto mizi n g 
microsporophyll . The vascular supply of the gynoeciurn consists of four 
bundles, two midrib bimdles of the carpels and two placento -marginal 
strands. Only the midrib bundles are continued into the style, which is 
of a hollow type. 


Physiology and Ecology, 

39. Vernalization of Indian crops. II. Photostage in wheat 
{Triticum vulgare) and oat {Avena sp.). 

B. K. Kar, Calcutta, 

It was previously noted that pre-sowing cold treatment (vernalization 
phase) with post-sowing photostage of short-day lengths were not effective 
in bringing a significant earliness in ear-emergence in case of Indian 
cereals (wheat and oat). But by substituting long days in plewe of short 
^ys a sii^ificant earliness sets in. Tliis is further proved during this 
investigation on the strength of the following results; — 

(1) Wheat varieties (I.P. 4 and I.P. 52) when exposed to long 

days for a period of 15 days, an earliness of 24 days was 
attained over the control. 

(2) The exposure to long days was most effective at the stage 

beginning from grouting of the seedlmgs to 20 days age. 

(3) In oats (I.P. 1) i^iiar treatment of long days brought about 

an earliness of 43 days over the control. 
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(4) In these oereale, the photostage begins with the sprouting of 

the e^eds and even a limit^ number of long d4ys during 
the proper photostage were instnunental in bringing a 
signinoant earliness. 

( 5) In the matter of flowering and the developmental stages leading 

to it, the short-day conditions of the tropics were tolerated, 
but availability of long days are more mducive to a rapid 
rhythm of the developmental phases. 

(6) The nature of these cereals with reference to thermal and 

photophebses was found to differ from the temperate or 
hard winter cereals. 

40. The contractile roots of CvrcuUgo orchioides. 

Russell Solomon, Trivandrum. 

The paper emlx>dio8 the results of an investigation on some aspects 
of root contraction. The root by contracting in length seems to exert 
a force on the main tuber, as a result of which the plant dencends to a 
favourable depth in the soil. The process of contraction is scarcely auto- 
matic, It is brought about in an orderly sequence by specual physiological 
activities. Anatomical slides show' an alternate turgid and compressetl 
layers of cells across the cortex of the root. The withdrawal of sap from 
the outer cortex gives the ne<^o8«ary clue for contra<?tion. ( 'ontracstion 
once started steadily increases in intensity until it finally steps with the 
shrivelling of the root, While the epidermis and cortical layers show 
structural peculiarities the central cylinder remains straight ac*ting like 
an elastic rod throughout the period of contraction. The element 
potassium seems to play a direc‘t r61e in effecting contraction. Tlie 
contraction of root in the plant is assoc iate<l wdth the reverse^ process r>f 
growth. 

41. Respiration studies of the seedlings of Avirennia offi- 

Hnalis Jj. 

F. R. Bharucha and V. S. Shirke, Bombay. 

Though much fx^ological work has l>een recently done on the 
mangroves, so far very little w’ork has V>een done on their physiology. 
Since Avicennia officinalis is the most dominant mangrove in the creeks of 
Bombay, the respiration of the seedlings of this plant was studied with a 
view to find out if physiologically this plant differe<i from ordinary land 
plant. 

Tlie rate of respiration of the germinating soe<llmg8 up to the eighth 
day stage was studied and was found to vary from hour to hour and day 
to day. The rate of respiration under submergetl conditions was fo\md 
to be slightly less tlian under aerial conditions, which is prf>hably duo to 
the limited amount of oxygen. Pari pa^isu, the carbohydrate and the 
total nitrogen content of the seefllings for the same period, were also 
xietenniiioii. From which it appears that in this plant also t he nwpiratory 
material is hexose sugar as in other green plants. 

42. Arthraxon inermis assoc iation. 

F. R. Bharucha and M. H, Khan, Bombay. 

\\7 11 ^ preliminary study, the authors have studied the flora of the 
Walls of Bombay and certain other mofussil pliu^es near Bombay during 
the monsoon. As a result of their phytosociological work, the authors 
mve named this ctmracteristic vegetation as an association of Arthraxon 
mermis. Ihey have also studied the different facies of the same associa- 
tion and have estiinate<i the calcium -carbonate content of the soil. 
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43. Plant indicators of water-logged areas and ‘ Thur’ land 

bbfore and after reclamation. 

Kulbip Singh ani P. L. Anand, Lahore. 

Ten plots have been studied in various stages of water-logging, 
deterioration and reclamation in the Chakanwali Farm near Gujranwalia. 

In the water-logged areas which are completely submerged under 
water, JBJchinochloa crusgalU Beau., Steria verticuUata Beau., Polypogon 
momplieneis Desf. are dominant. Herpestria monnieria, Veronica anagaUi»t 
Rumex dcnUxtus and Ranunculus aderatus are abundant; in those that 
are moist, Veronica anagaUia^ Polygonum barbcUum and Rumex denkUua 
along with Lippia nodiflora are common, while areas where the surface is 
semi-dry, SacMutrum munja Kai (Sachharum apontaneum and Equiaetum 
debile are dominant species. 

In unreclaimed areas where the soil is in a highly deteriorated condition 
Sporoholua galcifoliua and Juncua sp. are dominant, usually associated 
with Alhagi maurorttm, Sueda fruticoaa and Launea nudicaulia. The 
number of plants in ‘Thur’ soil is more as compared to *Rukker*, the typ^e 
of soil which is in final stage of deterioration. Dichanlhium annulaium is 
found only in ‘ Thur ’ land. 

In f>artially reclaimc^d areas Polygonum plebejum^ Chenopodium 
alburn^ Rumex dentally Mdilotua alba and Erigeron lenifolius, which 
are common plants of the fully reclaimed areas, are occasionally associated 
with Sporoholua glaucifoliua and Dichanlhium annulatum, the dominant 
ones of the unreclaimed areas. 

44. Effect of temperature and vernalization on the excised roots 

of some crop plants. 

Sat Guru Dutt and H. Chaudhuri, Lahore. 

Wheat var. C591, C518, 8A; cotton var. 39 Mollisonii, 43F, 289 /43F; 
gram var. FS. S.I.F. 8, type 7 ; and maize var. M.S. 2 (white) and No. 3 
(red) seeds were germinatecl under aseptic conditions and the excised roots 
were grovm in White’s solution at different temperaturas ranging from 
20-30*^0, The daily growth rat© of the above excised roots was studied 
and compaiod with growth of the excised roots of the same plants vernalized 
beforehand by chilling, and the results discussed. 

46. Detailed investigations on the effect of snlphur dioxide 
and other gases on the mango fruit. 

S. N. Das Gupta, G. S. Verma and S. N. Asthana, Lahore. 

The authors have carried out experiments on the effect of sulphur 
dioxide and ethylene gas both singly and in admixture by static and 
dynamic processes; various devices were employed to observe the effect 
of these gases on fruits while still on the trees and on plucked fruits in the 
laboratory. The usual lesions were produced. Very small doses for 
prolonged period by dynamic processes have also failed to produce the 
black-tip disease. 

The detailed experimental data, mechanism of experiment and the 
results are discussed m the paper. 

46. On photo-periodic effect on jute plants. 

J. C. Sen Gupta and Nirad Kumar Sen, Calcutta. 

Two species of jute, Oorchorua capaularia (D 154) fimd O. olUorim 
(ohinaura green) were exposed to a shorter period of about 10 hours in 
daylight at two stages. In the Hrat set (Treatment I) p^ts were exposed 
from the time of germination and in the second set (TVeatment 11) com* 
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mentcing when they were 30 days old, the short-day treatment lasting for 
00 days in each case, and the tlnrd set growing normally served .as oon^l. 

Growth and development were followed by weekly readings of height 
of the stem, number of internodes, total leaves and their approximate 
length, dates of differentiation of flower -buds and fruits. 

Both the plants responded rather remarkably to short-day tr^tment, 
by early initiation of flowers and fruits and this was associated with great 
modiflcation of general vegetative characters. Plants remained much 
shorter, with thinner stems, became bushy with a larger number of branches, 
fewer intemodes, leaves, etc. Changes usually observed towards the last 
stages of vegetative growth, like the shedding of leaves, drying of lower 
branches set in much earlier. 

A comparative account of the dates of flowering and fruiting in the 
control and treated plants are recorded in tiie following table ; — 



\ Mean date 


Time of 




of flower- 

Earliness 

flowering 
in days 

Mean date 
! of fruiting 
! in number 
of days. 

Earliness 

Treatment. 

ing in 
number of 
days. 

from 

control. 

after com- 
mencement 
of treat- 

from 

control. 


1 

ment. 




(C. capstdarU) 


Treatment I 

32-6 

81-5 

27*6 

i 

47d> 

87 0 

Treatment II 

47*4 

66-7 

17-4 

(>0'4 

74-2 

Control . . 

il4d 



134-6 1 



(C. olitorim) 


Treatment I 

! 

27-8 

98-1 

22^8 

38 4 

994 

Treatment II 

44-4 

81-5 

14-4 

50-3 

79-1 

Control 

1 125-9 

1 



135-4 

- • 


47. A botanical and chemical .study of Euphorhki pihdifera Linn, 
A. B, Bose and B. Mitkeiui, Calcutta. 

Tlie dried entire plant of Euphorbia piltUifera is included in the British 
PhamuM^teutical Codex and an extra<.»t of it is largely used in chronic 
bronchitis and other aflections of the respiratory tnw^t such as listhma and 
emphysema. 

I^veral samples of cnide <lnig8 collocate*! from various parts of India 
were examined botanically and chemically. In ividition to genorally 
described macroscopic characteristics, a transvc^rse section of the stem 
presents the following characters under the microscope: Tliick-walled 
wavy epidermis with hairs of two kinds; cortex consisting of 3 to 5 layers 
of cells with small groups of sclerenchymatous colls and oval cells inter- 
spersed, the latter being more prominent and containing latex; vascular 
bundle composed of phloem, cambium and xylem and parenohyihatous 
cells containing large air-spaces forming the pith. 
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Average chemical composition — foreign organic matter about 4 % 
and acid-inaoluble ash, 0*63%. Both these figures are well within tbe 
standard laid down by the B.F.C. 


Cytology aild Genetics 

48. Cytological studies on Seaamum. 

A. Abbaham, Kayangulani (Trivandrum). 

A wild Sesumum from Travancore is reported. It is shown that this 
is an indigenous species of great antiquity and possibly of wider distribution 
than now known. Though closely related to the cultivated Sesamum» 
it is found to be distinct enough in certain important characters to deserve 
the rank of a separate variety. It is provisionally namfKl as S, orientale 
var. grandifiorum. 

The cytology of this variety is briefly described. The chromosome 
number (2n 26; w == 13) is the same as in the cultivated varieties and 

the size of the chromosomes is also very nearly the same. 

The following interspecific and intervarietal crosses made in this 
station are reported: ( 1) /S^. orientale var. grandiflorutn x *S\ orientale (local) 
and reciprocally; (2) S. orientale var. grandiflorum X S. proatratum and 
recipnx^ally ; (3) S. proatratum x <8*. orientate (local) and reciprocally. 

The probable origin of the cultivatcMl Sesamnma is discussed and it is 
suggeetcxl that there were several distinct centres of origin, the Indian 
forms having arisen locally from the 26-chromosomed wild Sescmium 
now reported. Centuries of cultivation under widely different soil and 
climatic conditions must have led to the evolution of numerous distinct 
varieties 

Only further oytogenetwjal studies in the Pedalinae could sliow^' clearly 
how the 26-chromosomed Seaammn^ originated. 


49. Natural and artificial polv'ploids in Tapioca {Manihot 

utilissinia). 

A. Abraham, Kaj^angulam (Trivandrum). 

The c>d)ology of a few varieties of Tapioca has been studied. The 
somatic chromosome number in ten varieties has been found to be 2n *= 36, 
and in one variety to be 2n = 32. This confirms the observation of natural 
polyploidy in this plant, with 4 as the basic number. 

The meiotic chromosomes have been studied in only one variety and 
the number is found to be n = 18. 

Artificial polyploids have been induced in a few varieties by agar- 
colchicine treatment of the axillary buds. Com|.)letely polyploid branches, 
as well as sectorial and poriclinal chimeras, have been obtained by this 
method. The polyploids slio'wed the usual increase in size and deeper 
pigmentation of vegetative parts. In one treated variety which flowered, 
the flowers were also found to be larger than that of the controls. Indue, 
tion of polyploidy has been confirm^ by cytological examination which 
revealed 72 chromosomes in the apical bud in one branch. * 

Further studies on the polyploids are in progress. 

The probable r6ie of polyploidy in the evolution of numerous varieties 
of Tapioca is discussed. 

50. Studies in jute. I. A few interesting observations in the 

root tips of nine types of jute, 

P. R. Parukutty, Calcutta. 

The present paper deals with the nuclear structure and general 
behaviour of the somatic cells of the two species of Corohorus, viz. of 
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four twee of (7. Capsularis and five types of C. Olitorim, Prochromosomes 
were observed and their thickness in early ,ptages and their comparative 
thinness in later stages are probably due to despiralization of chromosomes 
rather than the addition of chromatic material. Prochromosomes showed 
in certain instances definite tendency for pairing in the somatic cells. 
Binucleate cells and persistent nucleoli were Observed in all the types 
investigated. 


5] . Effect of colchicine on root mitosis in plants. 


SiTBAj Krtshan Malhotra and P. N. Mehra, Lahore. 


Effect of colchicine was tried on the root tips of N othoacordum 
fragrana, Zep?iyranthes sp.. Ephedra foliata and E. intermedia. The early 
outward signs of effect of colchicine is the swelling in the region of clonga^ 
tion and not in the region of active growth only in the first tivo plants. 
Colchicine causes the inhibition and dissolving of spindle me<^hanism, 
resulting in the scattering of chromosomes, thus facilitating in counting 
the exact number. Colchicine checks the divisional cycle of the cells, 
without effecting the division of chromosomes. The cells with tetraploids 
octoploid and 16-ploid chromosomes have been noticed in the root tip 
of Nothoseordam frwjrans. The chromosomcis also get ccmdensed and 
shortened in size. The places of spindle attachment bec^ome clcNBirer tlian 
in untreateii material. The restitution nuclei are emulsoitl and irregular 
in outline and often possesvs a largo vacuole in the centre. The increase 
in the number of chromosome sets is associated with increase in cell size. 

52. Colchicine induced auto-tetraploid Argemom rnextmna. 
SiTRAj Krishan Malhotra and P. N. Mkhra, Lahore. 

Colchicine treatment was given to the germinating seeds of Argetnone 
mexicana — >a wild plant of the Punjab plains. The success was gained 
with 0 .3% colchicine for one day and tw'o days' treatment. A cytological 
chimeral pUmt and a total fKdyploid have l>een obtained. The study of 
leaf epidermis, petal and sepal epidermis and pollen grains and also 
chromosome mimber has established the polyploid characters of the 
plant. The total polyploid plant produces a large number of sterile 
grains besides the larger one ap|>arently fertile. In the chimeral plant, 
Bc»me leaves are total pt^lyploid, others diploid w^hile some are synthetic as 
shown by the cuticular studies. The seeds produce<l are bigger in size 
than in normal plant. Early signs of tVie effect of the drug on the ger- 
minating seeds are thickening of cotyleclons, swelling of hyfKKiOtyl region 
and general slow growth of the 8ee<lling8. ^flie normal diploid number for 
Argernone mexicana is 28 beyond doubt. 


53. Chromosome number and morphology in some spiHm of the 
genus Ephedra. 

P. N. Mkhra, Lahore. 

The chromosome numl>eT and morphology in seven species of the 
genus Ephedra has l>een worke<l out from the dividing body nucleus of 
germinating rK>lIen grains. The basic niiml>er for the genus appears to 
be 7. Polyploidy has o<»curre<i in the genus, though not of high order, 
during the evolution of species. 

Besides the normal haploid pollen grains, diploid graim are also 
observed in small percentage. The significance of these is discussed in the 
paper. 
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54. Colchicine and sulphanilatnide effect on the mitotic division 
of body nucleus in the pollen grains in the genus Ephedra. 
P. N. Mbhra, Lahore. 

The effect of colchicine and*8ulphamlamide upon the division pheno* 
menon of the body nucleus has been studied in detail. 

The effect of sulphanilamide is exactly similar to that of colchicine in 
bringing about the collapse or inhibition of spindle mechanism. This 
results later in the formation of a double restitution nucleus or more than 
one nucleus of aneuploid constitution. 
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Entomology 

1. Aedes (Stegomi/ia) mosquitoes of Lahore and the bionomics 

of Aedes {Stegomyia) aegypti. 

A. S. Gokl., Lahore. 

Systematic studies of Aedes (Stegomyia) mosquitoes of Lahore were 
carried out during the htst one year and the following species were 
recognized: — Aedes (Stegomyia) aegypti, A. (Stegomyia) alhopictua. A, 
(Stegomyia) viUatus; A, (Stegomyia) w-albus and A, (Stegomyia) unUineatua. 
The first -mamed, however, was the eonmionest species foimd. The 
distribution of these mosquitoes throughout the last year has been studied. 
In addition the breeding places were locaTted. The life-history of Aedes 
(Stegomyia) aegypti has been studied under laboratory conditions, with 
special reference to its mating and feeding habits as well as oviposition. 

2. Survey of paddy insects of Nizamabad district. 

Mohamed Sxilaiman Vabasi, Hyderabad (T>eccan). 

Nizamabad is a promising district of Hyderabad State and is situated 
at a distance of 100 miles from the capital city. Tlie famous Nizamsagar 
Canal constructed by H.E.H. the Nizam’s Government rims through an 
area of 18 lakhs of acres of the district. It is mostly the paddy growing 
area of the State. The survey of the paddy insects of Nizamabad area 
was carried out and the following insects were found attac:king the paddy 
crop in different periods of its age : — 

Grc^shoppers — Order Orthoptera : (1) Hieroglyphus banian, F. (2) 
Lepisma 8p, (3) Aelopm tamtdus, F. (4) Oxya vdax, F. 

Beetles — Order Coleoptera : (1) HaUica cyanea, Wch. (2) Atdooo^ 
phara Sp. (3) GaUi>ndTa oryzae, L. (4) Lytta temuicoUis, P, 

(5) Oides affinis, J. 

Bugs — Order Hemiptera : (1) Teiroda hiMeroides, ¥, (2) Lepto* 

corisa acuta, T. 

Flies — Order Diptera: (1) Ailierigo^ia Sp. (2) Pachydiplosis 
oryzae, W. 

Moths and butterflies — Order Lepidoptera : ( 1 ) Schenobins incertaUus, 

• W. (2) Psalis securis, Hb. (3) Spodoptera mauritia, B. 

(4) Sesamia Sp. (5) Aneylolamia chrysographeUa, K. 

(6) NymphtUadepunctalis,QT. (7) Cnapliotoorocis medinaUs^ 


3. Structure of the reproductive organs in the termite Termes 
redemanni Wasm. 

D. Mtjkhbrji and S. Ray CHAtTDHtnM, Calcutta. 

The present ^per is in continuation of the series on our study of the 
common mound-ou il di n g termite Termes redemanni and gives the etruo* 
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tural details of the reproductive organs of both the nude and female 
commencing from the immature stage onward to the deflated stage. 

The glands of both the male and the female are drat distinguishable 
in the nymphs with wing-pads. In the larval forms prior to it, no sex 
gland has b^n found. In the nymph with wing pads, the oviducts run 
ausi a pair of cellular cord from wAich the ovarioles radiate in all directions 
in the form of a single row of cells linearly arranged. Ectodermal invagina- 
tion on the ventral side in the region of the genital pore is also noticeable. In 
the sexual female at the winged stage, the ovarioles take their dednite 
form. In the physogastric queen the oviduct is a long straight tube 
extending along the whole length of the abdomen. The ovarioles are 
radially arranged around the oviduct in which they open by separate 
apertures. Near the junction of the ovariole with the oviduct, i.e. in the 
calj'x, a deposit of yellowish substance is seen. Two distinct types of 
glands shown by previous authors as sebidque glands, open into the 
common oviduct. Tlio si^emiatheoa which is a slender coiled tube also 
opens into the common oviduct. 

WitVi regard to the male the testes are drst differentiated in nymphs 
with wing pads like spherical sacs dlled with globular cells. In the 
deflated male foimd accompanying the physogastic queen the testis is 
comj>osed of a large number of siics which are spirally coiled to form 
a fi^herical mass, one on each side. Each sac can be differentiated into an 
apical portion opening into the vas deferens. The vas deferens, before it 
unites with its fellow on the opi>o8ite side, dilates to form the seminal 
vesicle. Copulatory organs are lacking. 

4. Development of the silk- worm. 

D. Mokerji and Sauben Banerjee, Calcutta. 

The embryonic development of the silk worm Bombyx mori (Nismo 
white and Nistkl yellow variety) is studied in tiiis paper. The seed- 
cocoons were supplied by the Sericulture Department, Government of 
Bengal and were reared in the* University laboratory under normal room 
temj>eraturo. The eggs wem fixed in regular intervals, in a lot of 
30 at a time in Mukerji’s fixative and stained in toto in Grenadier's 
Borax carmine. Soc^tions were cut at different stages to trace the formation 
of embryoni<? membranes, endoderm formation and otlier parts. 

The primitive streak is differentiated on tlie 1 2th hoiir after deposition. 
Sinking of the embryonic band commences first at the two extremities 
and starts on the 16th hour. The head and tail-folds become distinguished 
on the 36t]i hour. The embryo elongates from the 12th hour onwards 
up to 40th hour. Later, shortening of the band follows and at 72 hours 
the curvature disappears and the embryo lies straight. Stomodaeum 
and proctodaeum fornmtion are completed at the 86th hour stage. 
Hatching takes place in tlie same room condition on the 7th day, 

6. Embryonic development of the termite Termes redemanni 
Wasm. 

D. Mtjkebji and Rajendraprasad Chaudhuri, Calcutta. 

In tiliis paper the embryonic development of the termite is studied. 
V- gga were collected at regular intervals throughout the year directly 
from the nests from the royal chamber. Eggs were fixed in the field with 
Mukerji’s fixative and stained in toto in the Borax carmine solution, 
which gave beet results. The stained preparations were then sorted 
out into diflerent stages. The different stages were then out into serial 
sections and studied. 

The primitive streak occurs in the form of a cluster of cells towards 
one pole of the egg. The cells next arrange theimselves into two layers 
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which separate out in the middle. The ou^ layer of cells foims the 
amnion and the inner layer the germinal epithelium. In the middle of 
the germinal epitheliiun a slight invagination takes place andt from the 
invaginated point cells migrate inward into the neighbouring yolky portion 
to build the inner layer’ Cells also separate out from the germing 
epithelium at other points particularly af the extremities of the embryonic 
band to form the inner layer. The formation of mesoderm and meso- 
blastio somite, the fat© of tlio embryonic membranes and the formation of 
the mesenteron are studied in successive stages. 

6. Biology of HelopeUis theivora Waterh., the mosquito-blight 

of tea gardens (Heteroptera-Capsidae). 

D. MtTKEEJr, J. L. Bhaduri, D. P. Mukhkrjbe and S. Ray 
Chaudhitbi, Calcutta. 

In the scheme of research on the control of tea -mosquito, Hel^>peUia 
theivora Waterh, carried on in the Calcutta University l.^boratory and 
in the field latoratory at Katalguri Tea Estate, Dooars. under the 
University, financed by the Indian Tea Planters' Association, Jalpaiguri, 
the authors in course of their investigation report in this paper the results 
of their observations on the life-history, fooil selection and mechanism 
of feeding. 

A survey of plants other than tesk growing in the tea estates on 
which this insect fe^s, deposits the eggs and completes the life-history is 
incorporates! . Among the plants attacked the folio v^nng are found: 
(I) A'tnorphophcdlus campanulatue Bl. (2) Momordica cochinchineneis 
Sprengl. (3) Dolichos lahlab L. (4) Varim papaya L. (5) Psidium 
guyava L. ( 6 ) Duranta plumieri Jacq. (7) Mangijfera indica L. ( 8 ) 
NyctarUhes arborcriMi<s L. (9) Gossypium sp. (10) Capsieum Bp. (11) 
Co»mos bipinatfis Ca\^ 

No marked deviation in the life-history of the inset^t w'as observed 
when reared on P. guyava and N. arboreristis . 

In this paper the authors record also the results of their experimtmta- 
tion, which determine the nature and composition of food. The effe<?t of 
synthetic food on the life-cycle of the pest w^as also investigated with a 
view to testing the main constitution of its food. The results of experi- 
ments to determine the r 6]0 of acidity and alkalinity in the food as 
alluring agent are also giv^en. Further, the authors concur with the previous 
views that the injury to the leaf caused diuing the fecnling ojwratton is 
mechanical. 

7. Life-cycle and parasitism of Dipleraus tachinida, the 

larval parasite of Sesamia uniformis, Dudgn. 

Mohameb Sulaiman Vaeasi, Hyderabad (Deccan). 

Parasitism and the life-cycle of Dipleraus tachinida waa stiidi€»d in the 
Sugarcane Insect Pests Laboratory at Bodhan -Deccan. 

The lan^ae of Sesamia uniformis, Dudgn. which were more or less 
grown up were found to he parasitized. The average number of «lays for 
the parasite to complete its life-cycle have been foimd to be 21 . It took 
10 days to obtain puparium and 1 1 days for the adult to come out of it. 
It was found that the parasitization was high in the months of Febniary 
and March. The percentage of parasitism under laboratory conditions 
in the month of September was 33*33%, in the month of October 19*00%, 
in the month of Novoml>er 42*00%, in the month of Decemlxir 0-00%, 
in the month of January 0 *fK>%, in the month of February 00dK>% and 
in the month of March 67 00%. 
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8. Biology of Stromatium harhalum Fabr. 

• R. L. Gupta, Nagpur. 

The beetle is widely distributed. Its larva is a borer and ifl a pest of 
a large number of forest trees byt also attacks a variety of trees in the 
plains. The recorded food plants are about 311 belonging to 54 different 
natural orders. In the Central Provinces it has been fo\md to attack 
teak, Amcia catechu, mango, orange, lemon, mosamhi, pomegranate, 
Hf^motoxylin, Casurina, Bauhinia va/riegata, jack fruit and AUbizzia 
lebbek. It is particularly a bad pest of citrus trees in the Central Provinces. 
Young citrus trees are not attacked but those over 12 to 13 years are 
infest^, older ones being more susceptible. It is not only a dry wood 
pest but also a pest of green trees. A survey made in Nagpur of several 
orchards over 15 years old 8howe<l the attack varying from 75 to 80%, 
A full accotmt of the life-history is given. 

9. Insect pests of stored copra ^nd tapioca in Travancore. 

K. Kaktjnakaban Nayae, Trivandbrum. 

This is a short note on the inset^t pests in stored copra and tapioca 
studied by the author, in connection with the Survey of the pests in 
storecl products in Travancore. 

Carcifra cephalonica, Staint., SUvanujt surinamensis, L., Tribolium 
CJiAtaneum, Hbst., Necrobia rufipes, Fb., Tyroglypkus lofigi&rvar : castellani,, 
and Solenofms gemimita, Fabr., were found in stored copra; and Calandra 
oryzae, Linn., Aroecerwt faaciculattut, deO,, Rkizopertha dominica, Fb., 
Gibbium sp., and Tribolium sp., were found in stored tapioca. 

1(1. Some insec t pests of vegetables in the Travancore hills, 

C. J, Selva Raj, Trivandrum. 

A short iM^count is given of the observations made on the insect pests 
of vegetal)lcs gro\^Ti at Pampadampara, in the Ccirdamom Hills in 
Tra\^ancorc. The author has obser\’e(i the following pests on vegetables : 

XntU/torhoe mturata, Arcilnsi^a plagiata, Plusia orichalcea, PbUella 
ftmctili penni^, Croeidokfnia hviokilw, Athalm proxima^ Prodenia litura, 
Pericabi ricini, Monolepia strata, Chalaeuoeoma metaUicum, Bagrada picia, 
BiptortiiH pedeeiris, Agroti^ segetis, Jiellula undalis, Crocidolomia seuffusalis^ 
Alphae bigvitata, Dasychira mendom, Orgyia postica, Cifuna sp., Pluaia 
eriomma, Cocvcaki fnicacaeana and a dipteran leaf miner on’ cabbage 
and an Eupt<^rotid on ‘Avarai’ (Dolichos lablab). Brief descriptions on 
Xanthorhoe mturata, Arcilaaim plagicUa, the Eupterote sp. and the dipteran 
leaf miner are given. 

1 1 . Biological control of Evhlemma amahilis^ a predator of lac 
insectB, })v one of its indigenous parasite, Micrcbracon 
greeni. 

. P. S. Negi, Namkum. 

The paper briefly brings out that in the biological control of 
indigenous injurious insects by their native parasites and predators the 
aim is to modify the condition of natural equilibrium already highly 
adjusted and to maintain permanently the readjusted equilibrium, while 
in tlie case of introdiiced foreign insects the aim is to build up a condition 
of natural equilibrium. 

From among the other parasites and predators of Eublemma reasons 
to choose Microhracon green t are discussed. It is pointed out that to 
control Eublemma by Microbracon gretni * increase' of the parasite shall 
have to be maintained chiefly through liberations from laboratory rearing 
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rather than by ‘conservation’ of the parasite in the field; if it is foimd 
necessary to supplement such additions by 'conservation*, the ^iry season 
lac crops (Bawakhi and Jeihioi) shall have to be grown by artiEcial infection 
and wet season crops {Aghani and Katki) by natural infection. 

The technique of the experiment is^discussed. It is contended that 
to evaluate the success of the experiment the more important criterion is 
the comparison of the density of Eublemma population in treated and 
untreated area rather than parasitism percentage. A method has been 
evolved for such comparisons. The experimental data ofEered for six 
crops definitely indicates the possibility to control Evhlemma by Jlf. 
gteeni through artificial releases to about 50% more than it naturally does. 

1 2 . Mango-hoppers . 

Khan A. Rahman, Lvallpur. 

There are two spe(*ies of mango* hoppers, Idiocertis cUkinsani Leth. and 
I. clypealis Leth., met with in the Pimjab. Observations are in progress 
by which it is designed to find out the i>art played by the mango-hoppers 
in bringing about shedding of mango flowers and mango fruits in nature. 
Results of these observations are briefly summarized below : On an average 
a mango inflorescence has above 465 flowers, 94*4% of which are staminate, 
6*5% bisexual and *1% are pistillate. Even in the absence of mango- 
hoppers by far the greatest majority of these flowers are 8he<i, only a 
very small percentage (5*2— 6*6) of them setting fruits. As a result of 
mango -hopper attack practically all the set fruits are shed. 

13. Cricket pests of germinating crops. 

Khan A. Rahman, Ly allpur. 

About seven specjies of crickets are found damaging germinating 
crops in the Pimjab. Tiio most common of them are (1) (hjmtmgryllm 
erythrocephaJun F., QryUulua {(Jryllm) dotmsticm Linn., Lk>gryllm 
bimacidatus DeGeer. They are popularly known as ‘tidi ’ in the province, 
and GrylhUus dotmMicus is most familiar spetdes in the lot. 

The life-history and habits of Gryliulus domeMicm were studied in 
great detail. 

It can be .successfully controlle<l by poiscmed bran rnash vnth sodium 
fluosilicate as poison. (>>mmon lizards, spiders, digger wasps {Lirin 
kaenwrrkmdcUis F. and Notogonia sp.) take a hetivy toll of this insect. 

14. Thysanoptera from Lyallpur. 

Khan A. Rahman, Lyallpur. 

About 50 different aptniies of thrips have been collfH;t<Ml from the 
Pimjab from 125 different food plants. Commonest and most im]>ortant 
of these are briefly discussed below : — 

, (1) Rhipiphorothripa cruerUatiia H. This is the commonest of the 

thrips and has been ro(!orded from grape-vine, rose, mango, 
Terminalia arj una, E . jambolana and pomegranates . Rahman 
(1933) has studied it in detail. 

(2) Thrips tabad Lind. It is world -wide in distribution and is a 

serious pest of onions in the Punjab where it has also been 
found feeding on 13 diflerent food plants belonging to the 
natural orders Cucurbitaeeae and Malvaceae. 

(3) Heliothrips indicus Bagnall. It is a serious pest of potatoes 

at Lyallpur. Also recorded from cabbage and cauliflower, 

(4) Stylothrips brempalpis Ky. This was collef^ted from marigold 

flowers at Lyallpur. 
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(5) Afys^hcthripB cikicinctm Bagnall. This was foimd on sugar* 
« oaxie and maize. 

(6) Thripe ftorum. This was found in large numbers in the flowers 

of apple, peach, rose and jasmine. 

(7) FrcmkhnieUa aviphureq Sohmutz. This was found on the 

leaves of Hibiscus esculentuSf ash gourd (Beninoasa cerifera), 
water melon {CUrtdltts vulgaris)^ ‘halwa kadu’ {Oucwrhiia 
TTKKzima), and in flowers of sanuhemp (Orotalaria junceo), 
‘tori’ (Luffa aegyptacab ‘sankukra* {Hibiscus cannabinus)^ 
‘karela* {Memordica charatUia), ‘ishkpecha’ {Convolvtdus sp.), 
rose and chillies from Lyallpur. 

(8) IsonetmAhtips orienkdis Bagnall. This was found on rose and 

jasmine. 

The biology of Thrips iabaci Lind, has been studied in detail. 


la, Hypermatomorphoaiw in Acrocercops phaeospora Meyr. 

(Jaman leaf miner) larvae. 

Khan A. Rahman and Hakbans Sinuh Pruthi, Lyallpur. 

Daring these studies of Acrocercops phaeospora Meyr. hypermeta* 
inorphosis was observed in the caterpillar of this pc>st, and on further 
studying this point it was observed tliat the larvae can be diflerentiated 
into two distinct forms, namely, sap-feeding (I~IV instars) and tissue 
feeding (V-IX instars). The differences in the morphology of two 
divtaions of caterpillars are illustrated below: — 

1. Sap feeding forms , — Head is wedge-shaped, depressed, with 

arms of epistomal ridge not meeting posteriorly but joined 
by a transverse bar; antenna fairly prominent, mandibles 
flatteno<i more or less spherical, maxillary palpi and lobes 
reduced. Spinneret absent, labial palpi vestigeal, super- 
linguae represen t€Hl by two teat-UI^ prominences; body 
flattened dorsoventrally, tapering posteriorly ; meso, meta 
and III- IV segments furnished dorsally with transverse 
rows of conical and rectangular sclerites; thoracic and 
abdominal legs absent. 

2. Tissue feeding forms . — ^Head is rounded with arms of epistomal 

ri<lgo me<?ting posteriorly and forming an inverted V; 
luitennae relatively sliort; mandibles triangular; maxillary 
(mlpi and lobes well developed, spinneret and labial palpi 
fairly prominent. Body cylindrical without any conical 
and rectangular sclerites on the dorsal side; thrc^e {>airs of 
thoracic and four pairs of abdominal legs present, 

lb. Potato storage experiments against potato tufjer moth in the 

Punjab. 

Khan A, Rahman and Gurcharn Singh Sohi, Lyallpur. 

In order to supply potato seed to the cultivators at cheaper rates for 
the aututim cTop in the plains, the Department of Agriculture has under- 
taken the purcliase and storage of local potatoes in the Kangra Valley as 
this seed is considered to be as good as the imported Patna seed. With 
the introduction of this new practice, the potato tuber moth which is a 
serious pest of stored potatoes in other parts of India has come into pro- 
minence and several ceases of its severe outbreak have been reported 
during recent years, so much so tliat in 1940-41 tliis new venture was very 
seriously threatened by this insect. Since the sxiccess of this enterprise 
has a far-reaching efleot on the cultivation of potatoes, especially during 
these days when due to transport diflioulties it is not even possible to 
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import Patna seed, the preservation of potato seed against this insect has 
beoome an urgent necessity. 

For this pxirpose extensive trials were conducted at Palampur 
and the potato^ were stored both on the puoca floor as well as on the 
racks with various covering materials < of about one inch in thickness. 
It was found that saw dust, chopped lantana, bhusa proved very effective 
in checking insect infection. The average percental of loss in weight 
due to insect attack as well as rotting was 4*6, 6*3, 5*6, 6*0, 7*0, 7*3 and 
12*0 in case of tubers covered with saw dust, chopped lantana, bhi^, 
local grass, sand, soapnut leaves and pine needles respectively as against 
61*3% in the control lot. 

17. On the thickness of the thorax of Apis indica F. 

Khan A. Rahman and Sardab Sinoh, Lyallpur. 

Queen excluders made in America and England and at Pusa are in 
common use among the Indian bee-keepers. We have also used these 
queen excluders and have found them to be unsuitable to the Punjab 
form of Apis indica. It was, therefore, decided to study the thickness 
of the thorax of the worker and queen honey bees, with a view to design 
a queen excluder suitable for the Punjab. Tliis work was taken up last 
year and a special technique was evolved for this pui^pose. As a result of 
these investigations it was foimd that the thickness of the thorax of the 
worker bee varied from to -141^ and that of the queen bee from 

•172* to *180*. Thus to be suitable in the Punjab, each perforation iu a 
queen excluder should be less than •160"' wide. 

18. The biology of the grain moth {Sitoiroga cereuUela Oliv.) 

in the Kulu valley. 

Khan A, Rahman and Amab Nath Sapba, Lyallpur. 

SUotroga cereaUela Oliv. is a serious pest of stored wheat, mais&o and 
barley in the hilly tracts of the Punjab ; at Kulu (4,000 altitude) it does 
the greatest damage to barley. Caterpillars hibernate inside the grains. 
The over- wintered caterpillars start pupation by the middle of April, 
moths from them emerging in the begir^ig of May. The pest completed 
5-6 generations, which overlapped, during the course of a year. 

The. females lived for 4-10 days and laid 48-176 csggs in 3-8 days 
at the rat© of 1-72 eggs per day. The ^gs hatched in 4-1 1 days and the 
average viability of eggs was 57*25% during June when the atmosphere 
was hot and dry and above 88% during other months of the year. The 
males completed their life-cycle in 30-30 and females in 32-40 days. Of 
the various articles tried tor preventing the females from ovipositing 
one inch tliick layer of sand on the grain surface proved the most effective. 

19. The longevity of the Indian bee {Apis indica). 

M, C. Chbbian and V. Mahaobvan; (Coimbatore. 

A knowledge of the longevity of bees helps a practical bee-keeper in 
building up the strength of his colonies and maintaining tlie mai^um 
force before the honey flow season. This aspect of study in the case of 
the Indian bee has so far received very little attention. 

For longevity studies silver gilt powder mixed with spirit gum was 
used for marking bees. Wliite enamel paint diluted with turpentine was 
also found as a good substitute. 

The maximum longevity of the workers ranged from 44 to 54 days, 
the average being 50 days. The maximum longevity of the drones was 
57 days while that of the queen was 3 years 4 months and 14 days. 

7B 
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20. Prelimiiittry Btudies on the flight tange of the Indian bee 

(Apis iridica). 

M. C. Chbeian and V. Mahadbvan, Coimbatore- 

Successful production of hone;^ in a locality depends upon the proper 
selection of site for the apiary based on a knowledge of the bee>pasturage 
as well as flight range of be^- For the studies on the flight range, the 
substance us^ for marking bees was the same as that used for longevity 
studies, viz. silver gilt powder mixed with spirit gum or white enamel 
paint diluted with turpentine. Tlie bees were first attracted to the top 
of the frames in the hive by pouring a little honey and while they were in 
the act of taking the food their thoraces were touched with the paint 
with aid of a fine camel hair brush. A maximum of 8J furlongs was st) 
far observed to be the flight range of the Indian bee. 

A study was also made of the maximum distance bees were able to 
traverse to find out their hive. The entrance of the hive selected for the 
studies was closed by means of a wire gauze the previous night and the 
hive removed the next morning and kept at a known distance, with its 
entrance opened. An empty box with one of the brood combs was kept 
in the origintU place and the number of hem returning noted. A series of 
trials liavo shown that even from a distance of 13 furlongs some bees 
were able to return to the original place by virtue of their homing instinct. 

21 . On a new speeieft of Cryptoiernies from South India. 

M. C. Chbbian and V. Makoabandhit, Cioimbatoro. 

A description is given of a new species of Cryptotermes obtained from 
Goa damaging wood. The other two previously recorded species of 
Crypiotermea are C, domesiicua Hav., collected at Trivandrum and C7. 
bengalensis Snyder ex HerUiera fomea from Bengal. The new species 
can he differentiated from the former in the size of mandibles, and incised 
shape in front of hea<l and from the latter in the shape of the anterior rim 
of head, tlie length of the third antennal segment, the general shape of 
head and body measiueinents. 

22. On a new npecies of the subgeium Lophoc^raioniyin Theobald, 

1 . ( Diptera ; Culicidae . ) 

M, A. U. Menon, Travancore, 

The male and female of a new species of CtUex, namely O. (I^phooera- 
lomyia) parainfantulua^ is described in detail. This species is allied to 
(7. (L.) mintUiamrnus (Theobald) and O. (jD.) infanMdtia Edwards. The 
three species differ from one another mainly in the structure of the male 
hypopygium. The position and appearance of the phallosmal processes 
in the three species are quite unlike those found in other mosquitoes of 
the genus Ctdex, 

Specimens of parainfaMuiua have been collected by the author 
ISTorth and South Trayancore. The females of the species are blood- 
suckers. 

23. Insect pests of cardamom in Travancore. 

S. Jones, Trivandrum. 

The paper deals with the insect pests of cardamom observed so far m 
Travancore and the control measures against the important ones. The 
life-history and habits of the most important pest Tc^miothripa cardamomi 
Kamakrhuina Aiyar is given in detail. Other important pests like the 
hairy caterpillars (Eupterote spp.}, the cardamom weevil {Fr^iodea 
hasmoHous Chevr.), the cardamom root-borer (Bitaragrapha caminodea 
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Meyr.) are dealt with in aeme detail Notes are given on eighteen minor 
pests and on the non*ineeot pests and diseases of cardamom, 

24, Observations on the life-history of Eupterote fabia Cram (?) 
on cardamom, 

G. Renga Aiyar, Trivandrnm, 

A detcdled account of one of the two most important hairy caterpillar 
pests of cardamom in Travanoore is given in this paper. Though this 
insect is seen throughout the cardamom hills and the neighbouring forest 
areti^ every year, it assumes the proportions of a serious pest only once 
in several years. 

Each moth lays about 500 eggs on the under -side of the leaves of the 
sliade trees in fiat masses of about 50 to 160 eggs from June to August, 
The caterpillars that hatch out are about 2 mm. in length and begin to 
feed on the leaf. After the fifth moult they descend on to the cardamom 
plants on sunny days suspended by silken threads. They feed voraciously 
on the cardamom leaves by night and completely defoliate them. There 
€ure 10 instars within a larval period of 130“150 days. Pupation takes 
place in the loose soil at a depth of l|-2 inches in a silken cocoon to which 
hairs and soil ptirticles adhere. Pupal is from 6-7 months. Only one 
brood has been noticed in the year. 


Cytology and Protozoa 

26. 8j[»ermatogone8i8 of the cattle-louse. 

Daljit Singh Sabkaria, Lahore. 

Til© work on the spermatogenesis of the cattlo-louse was started in 
May, 1043, with a view to fm<i out the exa<?t nature of the cytoplasmic 
comjKjnents and their fate during spermateloosis. The lice were collected 
from buffaloes of Lahore and testes wem fixed in diluted Fiomniing- 
without a<^tic. Sections 5-6p thick were stained with *5% irtm- 
haematoxylin. 

Spermatogonia, siwrinatocytes and maturing s]>ermatids iiavo been 
studied. The initocliondria appear as a vacuolated cloud in the early 
«permatof:yte, which subs(.‘C|u©ntly forms a prominent mitochondri^J 
iiebenkeni. The C>olgi apparatus appears f»s a single granule in the 
sjKjrmatoc} te, and later in the spermatid dire<?tJy gi\'e8 rise to tlw» acrosorae. 
The latter is not a secretory product of the Golgi granule. The spermato- 
cyt© undergoes a strikingly unequal division with regard to the cytoplasm 
of the cell, w-^hich appears to be the only spermatocyte division. My 
ol)9ervations confirm the findings of Doncaster and Cannon (1920). 

26. Spermatogenesis of the guinea-pig, 

Gian Chand, Lahore. 

The work on the s|>erTnatogencsis of the giiin(^-|>ig was started wdth a 
view to investigating the exact nature of the ‘post-nuclear \yody ’ (Oatenby 
and Wigoder, 1929) and the formation of the acirosoma. Various fixatives 
were employed, but FJemming-without acetic followed by 5% imiJ- 
alum as mor<^nt and *5% liaematoxylin turned out to be tlie best. 

Preparations made witli Flemming-without acsetic have clearly sltown 
tliat the large dictyosomes figured by Gatonby and Woodger (1921) at 
the peripliery of the idiosome are artifacts due to the excessive deposition 
ot silver or ostniiun. The real form of the Golgi elements in this materisd 
is granulivr, but the granules are so much over-crowded at the perif^ry of 
the idiosome body that tliey appear as dictyosomee in Cajal and Mann* 
Kopseh techniques employed by the authors/ Indeed Meves (1899) in bia 
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olassioal work on this waterial acttially figures granules in the idiosome 
body* 

The acroBome is directly farmed by the fusion of the ‘proacrosomic 
granules’ of Giatenby emd Woodger, which are recdly the Golgi elements* 

The ' post-nuclear body’ of Gatenby and Wigodfer (1929) is in reality 
the dense posterior re^on of the nucleus as confirmed by Feulgen’s 
reaction. This conclusion is in harmony with the results obtained by 
Friend (1925) in the eperms of the Muridae. 

27. Spermatogenesis of Porcdlio sp. 

Raj Kttmab Jaik, Lahore. 

In tliis paper the author has described in detail the process of 
spermateleosis in Porcellio. The nucleus of the spermatid elongates, 
li^oming concavo-convex and is bent over the growing tail. A part of 
the usually single Golgi granule transforms itself into the acrosome at 
the anterior end of the liead; the rest is sloughed off as Golgi remnant. 
Six or seven neighVxuiring spermatozoa form a ‘ sperm colony The mature 
sperm has a long, riblxm -shaped head, bent over a fine, long tail. 

The nature of the vacuole present in the nucleus of the spermatid and 
the yoimg spermatozoon, the l>ent head, and the ‘sperm colony’ have been 
discussed and also their significance. 

28. On the so-called post-nuclear body. 

G, W. Vaidya, Lahore. 

Friend (19.35), w^orking on the sperms of the British Muridae, described 
that there was an asymmetrical deeply staining area in the posterior part 
of the niicleuB in all the Muridive sperms he had seen, which gave the 
characteristic stain with Feulgen. He named this area as the ‘dense 
posterior region and f>ointcd out that in position it agreed with Gatenby’s 
* post-nuclear body’ (Gatenby and Wigoder, 1929). 

Working on the sj:>erm of the scjuirrel, Sciuriis palmarum, I have 
coiilirmcKi Friend's fonelusions. I employed Feulgen’s retiction on smears 
and sections fixed in about seventeen fixatives. The posterior part* of the 
nucleus in each case took up the characteristic stain, showing that the 
*po8t-nu<dear body’ is only a part of the nucleus. In Da Fano (Chilled) 
preparations no post-nucleivr granules were observ’^ed in any stage of 
spermatogenesis, but in Da Fano smears silver was deposited on the 
f> 08 terior part of the nucleus. 

29. Spormatogonesis of the fowl-tick, Argos persieus (Oken). 

Ganpati Pabshad Shabma, Lahore. 

My work on the spermatogenesis of the cattle-tick, Hyalomnya a^ypiium 
(Linne) and the dog- tick, Rhipicephiilm sangmnem (Latreille) has already 
been reported. {Proc, of 29tA and 30tA Ind. Sci. Cong.^ 1942 and 1943). 
The present w^ork deals witJi the spermatogenesis of the fowd-tick, Argos 
persietui (Oken). 

A detailed study of spermateleosis in all the three species revnealed 
that the so-called ‘apyrene’ sperms described in the previous communioa- 
tions are in reality the intermediate stages in tlie formation of the normal 
‘eupyrene’ sperm. Tlie mature sperms are formed by a very complicated 
and two -fold process of invagination and evagination. The former 
process takes place in the male and the latter in the uterus of the female. 

Spermatogonia, spermatocytes and the early spermatids have the 
usual thick striated limiting membranes round them. The mitochondria 
are distributed throughout the cytoplasm in the form of pale fine granules. 
The Golgi elements in tl»e form of rings and crescents are also beautifully 
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preserved. The aorosome is direotly-forxned by the fadon of the Qolgi 
elements and is not a secretory product thereof. 

30. The chromoBoxnes of Oegenophis camosm Bedd. 

B. R. Sbshachar, Bangalore. 

The chromoscxme complex of this Apodan example has been analysed. 
The diploid number as seen in the metaphase plate of the primary sper- 
matogonium is 30, which can be grouped as follows: — 


(o) V-shaped chromosomes ; Small V *8 .. 12 

Large V’s . , 8 

(6) Rod-like ohromosomes . . 4 

(c) Dots . . . . 0 


This number and form of the chromosomes are confirmed by the 
excumination of the meiotic metaphase plates. In the first division, tliere 
are 25 bivalents, of which the larger are multiple and (compound, formed 
by the large V-shaped chromosomes. Tlie smaller chromosomes form 
simple tetrads. Tlie metaphase plate of the second division shows the 
reduced number of chromosomes, i.e. 15 each witli two chromatids. Tlie 
formation of multiple compovmd tetrads by the larger V-sliaped chromo- 
somes is a feature foimd in the other two examples of the Apoda examined 
(Ichihyophis and UraeotyphltAs). It is generally found in tlie Urodela and 
only rarel 3 " in the Anura (Alytea and Botnhina), 

A comparison of the cliromosomes numliers of Qegenophia with those 
of Ichthyophia and JJraeotyphhis shows at first a wide variation. But the 
application of Robertson’s law’ shows that Oegenophis is closely related to 
tlU other genera of Apoda. 

31. Studies in coccidia from frogs and toads. 

M. Chakbavabty and A. B. Kab, Calcaitta. 

This paper contains an accoimtof tlie morphology of two new co<‘cidia, 
Isospora atemiaticiie n.sp. an<i Eimeria cyanophlyctis n.sp. Of the two 
coccidia the former is found in the intestine of Bufo stomati^us and the 
latter in the same organ of Bana cyanophlyclia . Both the hosts were 
iiolleeted from the suburbs of Calcutta. A short account of the* mor- 
phology of the coccidia is given here. In Jaoaj^^ra atamatime n.sf*. the 
ooej^sts are broadly oval in shape and measure 24‘2fi x 15-4 -20p. The 
oocj'stic. wall, though double -laj’ere<l. is \ erv thin. Neither <*of ystic 
residuum nor micropylo is present. The sporocyets an' ogg-shafKHl 
and measure 15-4 “17-6/* x Jl/x. A sporoc^vstic residuum is present. The 
sporozoites are elongated Viodies and measure 13*2g x3'3g. In Eitfuria 
cyanophlyctis n.sp. the oocysts are oval in shajie with very thin and 
transparent oocystic w-all which is single -layered. Tliey measure 
19-8 -15-4/1 X 17'6-15*4/t. There is no micropyle hut an oocystic residuum 
is present. The sporocysts are 8ingle-8haj>ed an<l measurf^ 1 Ip y 6-9 -4 * 4 / 1 . 
Diffused sporocystic residuum is present. 

32. ObBervatioiiB onEimeria harheta n.8j>., from blue-thnmted 

Barbel Cyanops asiatica (Lath.). 

A. B. Kar, Calcutta. 

In this paper the author descrii>es in detail the morphology of a 
new coccidian Eimeria barbeta n.sp. which he obtained from the intestine 
of the blue-throated BArhet, Cyanapa asiatim amaiica (lAath.), purchased 
from a local bird dealer. Briefly dosexibed the morphology is as follows: 
The oocysts are oval in shape and measure 22 -24-2p X 19 8 10-8/1. There 
is no oocystic residuum but a micropyle is present. The sporocysts are 
oval in shape witVi on© of the ends more pointed than tVie other and measure 
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A aporooystic residaum to present. The t^rozoites are elongated 
bod^ wilib one end pointed and the other rotmded. They meaeure 
15*4#iX8*8M. 


33. Studies on a variant of Tryjpawosoma evansi in a buffalo, 

S. V, MtTDAUAB, Madras. 

In the blood of a buffalo a small trypanosome much different from 
the usual Trypanosoma evansi in morpholo^, was met with, when the 
animal was undergoing treatment inthe Veterinary Dispensary, Royapurcnn, 
Madras. A casual observation suggested the possibility of the organism 
being very similar to T, vivax. It measured on an average 21m., had a 
blunt and rounded posterior end with the kinetoplast at or very close to 
the posterior end and a short flagellum with ilhdeveloped undulating 
membrane. Biological experiments were undertaken and the result of 
the study of the organism in the laboratory small animals as well as on a 
sheep, goat and a calf, revealed characters different from those of the 
usual type of T. evansi. In consideration of the morpholomcal and 
biological differences noticed compared with the usual tyx)e of T. evansi, 
the organism is thought to be a variant of T. evansi, if not an entirely 
new one. It is proposed to name it Trypanosoma evansi var rayi. 

34. On a now flagellate, Trichonumfis hystrixae n.sp., from the 

caecum of Himalayan porcupine. 

H. N. Ray and S. N. Saprb, Mukteswar. 

A new species of flagellate. Trichomonas hyshrixae n.sp., is described 
from the caecum of porcupines at Mukteswar-Kumaun, U.P. The 
distinguishing features are : ( 1 ) the free flagella run along the folds of the 
undulating membrane and become detach^ posteriorly; (2) the nucleus 
is rectangular and lozenge-shaped; (3) in dimension it is bigger than the 
hitherto Imown species c f Trichomonas from rodents. The dimensions are 
as follows; lly to 34fi x 8*5/4 to 17/4. 

35. The present position of cattle surra in India and some 

problems connected with the disease. 

H. N. Ray, Mukteswar and S. V. Mitdaliar, Madras. 

The coiuse of bovine siurra in inoculated animals and in cases of 
natural infection has been dealt with. In the former it is found to run a 
chronic crourso with the organisms appearing at very infrequent intervals^ 
in very small numbers and finally disappearing from the animals' circula- 
tion without about six months; while natural surra of the bovines is very 
virulent, runs an acute course in the form of outbreaks cmd is attended 
with as many as even 80% of mortality. From this it is doubted if both 
the organisms are the same or different from each other. 

The possibility of bovines acting as reservoir hosts for disseminatiop 
of surra among animal lias been examined. 

The transmission of surra from the diseased to healthy bovines or 
other animals is only direct or mechanical by biting &ee through 
interrupted feedings, the interval between the feeds not exceeding a 
few minutes. No cyclical development in any of the biting flies Tabanus 
or Olossina has been noticed so far and probably this does not exist. 

GatUe form the reservoir host in addition to the camel where the 
latter is found commonly and the period when cattle can act as the 
reservoir host may not be more than six months. ^ « 

Methods of diagnosing the carriers are described. Treatment is also 
descuribed. 
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Fishes 

i 

36. The feeding habits of WaUagonia aUu (Bloch.). 

A. Pabamoo, Tiivandrum. 

The present paper gives a brief account of the feeding habits of 
WaUoffonia attu and some of the common varieties of fish foimd in the 
Jumna. In studying food habits, the best method to be adopted is to 
visit fisli-markets, and, after identifying the fishes found there, secure 
the entire alimentary system for later analyses. In 26 specimens of 
WaUagani'a, varying in length from 2' 4^ to 3' 132 young fishes were 

count^. In two of the specimens human remains and in one remains 
of a rat were detected. In a single specimen, measirring 3i feet, 15 young 
fishes were counted, A table showing the results of analyses is given. 
This would indic4ite that WcUlagctnia ctUu, which is generally believed to 
be a scavenger-fish, is primarily a predator which indiscriminately feeds 
upon young fish and causes considerable injury to the valuable fresh- 
water fisheries of the Ghmgetic system. The control of this fish seems to 
b© a very essential factor in any scheme for the do\"elopment of fisheries. 

37. On the ecology and fish-fatma of the P&khal lake. 

B. K. Das, Hyderabad (Deccan). 

Pakhal is the largest fresh -water lake in the Hyderabad State and 
situated 17*' 57' N. : 79® 69' E. in the Warangal district (on the e^astem 
p€u*t of the State), and made by throwing a dam (about 4,309 ft, in length) 
across the river P4khal, which is formed by the union of 6 streamlets 
arising from the low hills of the Balaghat range. The lake is 8,0(K> yds. by 
6,000 yds., with an average depth of 30 ft. to 40 ft. and having a stirOvce 
area of 13 sq. miles, meant chiefly for irrigation purposes. 

The fishes have been captured in the shallow parte of the lake, at the 
sluice gate and also in the larger channels and nallahs conne<‘t<?d with it, 
generally by means of circular cast net, small triangular hand-net and the 
bag-net, the last-named was e8[>eciaily fixed at the sluice-exit of the darn. 
On the whole, the lake is fairh^ rich in its fresh -water fish-fauna — 37 8}:>e<*ies 
of fishes, l)elonging to one dozen families, ha\"e so far l>een discoverer 1 
during the preliminary survey. 

38. Studies on leptocephali of Madras coast, 

R. Gopaea Atyak, M. Muktjkdan UNh'Y and V, M. Varkey, 

Madras. 

Til© study of development of the eel has l)een made classic* by the 
wonderful researches of Schmidt. That the European eel Anguilla vulgariji 
and the i\merican eel Anguilla rostraia grow in Euroj>ean and American 
rivers and go down to the Atlantic and return as elvers after a prolonged 
larval jieriod as leptocephali has l>een well established. Very little, 
however, is known regarding the breeding of the Indian frf^sh -water ©els, 
such as Anguilla ben{;alensw. A, hieolor and Ophicluhg/t fmro except for 
sr;atter©d references of their occurrence in some of the Indian rivers. 
Similarly, we know very little almut the breeding habits of the Indian 
marine eels, such as MurmmJiox cinereufi^ (hocangpr lepfurm^ ©t< 5 . The 
jiresent pajier deals with a small collection of ©el eggs obtained from the 
plankton very recently, and the leptocejihali collecietl during the last 
few years, Tlie latter apparently belong to different genera of f?els. 
One type of leptocephahis has been observed to metamorphose into 
Muraene^ox cimrem. Another belongs to OphieMhygt boro m r©veale<i by 
myotome counts of the leptocephalus, elver and adult though actual 
metamorphosis has not lieen observed. Other leptocephali liave also 
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been examined but have not yet been definitely correlated with their 
adults. • 

30. A study of the dentitjon of the Elasmobranchs of the 
Madras coast with special reference to the successional 
theory of teeth. 

R. Raghu Prasad, Madras. 

Fishes are generally polyphydont. In Elasmobranchs, as the func- 
tional teeth are lost those of the next series move outwards and tlie whole 
phalanx of teeth is restored. Thus there is a constant marching onwards 
of the teeth from behind. This widely accepted theory has been questioned 
by Cawston. He lioUeves that wherever there is replacement it is by 
vertical siiceession. Comparative stutlies of the dentition of the adults 
and embryos of sevf^ral Madrewj Elasmobranchs were made and it was 
noted that rmerve tc^th arc arranged in series one behind the other. 
It has also l)eon ol>ser\^ed that there is regular wear and tear of the front 
teeth. Young healthy specimens of Tryogon tuimak, Narcine timlei and 
Chiloscyllium grineum with portions of the dental armature removed, were 
kcqit in the aquarium tanl^ and periodically examined. It was noted 
that after a time the liental armature was completely replaced. Sections 
also revealed that there are no tooth germs immediately below the 
functiomd teeth and that replacement of lost teeth is effected by the 
rolling forwards of the teeth from behind, 

40. fifib-eggs and larvae of the Madraa coast. 

M. A. John, Madras. 

CtirreUition of the common pelagic fish-eggs and larvae with the 
iuhilt fishes found in Madras coast has great economic value. The present 
pa}>or, in addition to giving the diagnostic characters of the several of 
the common fish -eggs of Madras plankton, deals with developmental 
stages of eggs, larvae, and y>o8t-larvae obtained during the years 1934- 
193h. Eggs of Clupea leiogaater, Stolephoriw sp,, Engraulis sp. and Solea 
h um ilia have l:)een described along with their developmental stages obtained 
h\' their hatching out in the laboratory. Larval stages of Elopa indiens^ 
Megcilopa cyprinoides^ Opisthopterm t4xrtoQr^ AmogJos/rua t^tpeinosoma^ 
FneUodea erume% Plctguaia ma/rmoraUi^ Seuiena aneuai^ Lewgnathiia ipaidiator, 
L. linfolaius^ L. ruconina^ Triacanthtis bre^moatria, Plotosua atiguillaria 
and Amphiaile acukUa are also described. The paper also gives a brief 
account of the food and feeding habits of the fish-larvae studied. 

41. On the spawning habit and e^rly development of Oryzias 

wekiatigma (McClelland). 

H. K. Mookerjre and S. P. Basit, Calcutta. 

The spawning habit of (hryzim mdmtignm (McClelland) has not l^een 
touched by any previous worker, but according to Karnito (1928) in the 
allied s|ieeies Oryziaa iMipea of Japan, the symuming takes place in bright 
daylight. Re<».ently Sol berg (1942) has experimentally proved that 
spawning can be had readily with powerful electric light in addition to 
daylight. But the Indian species fnelaatigma behaves in the reverse way 
and prefers absolute darkness instead of bright daylight for spawning. 
It never spaums during the day except artificially in dark room. The 
processes of oviposition and insemination are de^ribed in detail. 

Acoortling to Karnito (1928) the allied species laiipea is cannibalistic 
in habit, but the Indian species melmtigma is absolutely free from such 
vicious propensities. 
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Eegarding tha .aarly egg stages a point worth feoording k that the 
pfevious authors Baj (1816), Jones (1937) and Job (1940) have :.tated that 
the egg of Oryzim meiasHgma has only one oil globule, but really each egg 
has 30 to 40 oil globules to start with, which ultimately ooalesoe into one. 
The o^er details of the embryonic stages have been deedt with recording 
many interesting points of observation. 


42, Bionoinics of the big- jawed jumper, Lactarius lactariw 

(Cuv. & Val.). 

I), W. Devanesen and P. I. Chacko, Pamban (Madras). 

The big- jawed jumper contributes to an important fishery from June 
to January. It is piscivorous, no less than nine species of fish having been 
recorded from its stomach-contents. The male fish attains maturity when 
it is 16 cm. in size, whereas the female attains maturity when 18 cm. in 
size. The females preponderate in the commercial catches. The spawning 
season, September and October, coincides with the peak of the fishery. 

43. The silver-bellies of Pamban. 

P. I. Chacko, Pamban (Madras). 

Six species of Leiognaihm and one species of Oazza contribute to the 
fishery of silver -bellies in the shallow sea around Pamban, from November 
to May. These fish are plankton feeders, but Oc^zm minuta occasionally 
feeds on fingerlings of white-bait {Stolephorm sp.). The spawning season 
extends from November to February. There are eight species of carni- 
vorous fishes which feed on silver-bellies. Yet the fishery does not show 
signs of depletion. 


44. Cultivation of milk-fish in Krusadai Island. 

D. W. Devanesen and P. I. Chacko, Pamban (Mtulras). 

The milk-fish, Chancs chmu>s (Forakal), is a common marine fish, 
which lends itself easily to artificial cultivation. Tlie saline swamp of 
Krusadai Island hew* been converted into a marine Fish -Form, with smioe 
gates to regulate the ingress and egress of the seawater during the flood 
and ebb tides. The fingerlings are collected from the neighbouring creeks 
and bays, and transplimted into the ponds of the farm. The {Jankton 
brought jnto the farm by the flood tide is found to be suitable and suMcient 
to form the food of the impounded fingerlings. The latter feed on this 
plankton and the plant complex growing on tlie swamp. The natural 
eneiries of tlie fingerlings are t^eriodically eradicated. The average size of 
the fingerlings at the time of impounding is 50 mm., and these grow in 
the farm at the remarkable rate of 28 mm. per month. 

46. A note on a collection of fishes from River Kietna. 

M. Rahimcllah, Hyderabad (Deccan). 

Some fishes and other aquatic animals from fhe River Kistna liave 
been described including Mystacoleitces ogilbii (Sykes), of which many 
stages were obtained from shallow waters. Young ones of Barbus {U>r) sp. 
have also been reported. 


46. Colour changes in the developing stages of MystacoUucm 
ogilbii (Sykes). 

M. Rahimullah, Hyderabad (Deccan). 

in difierent stages of MystacoUuces ogiibU (Sykes) 
have been dealt with. It is shown that in the smallest specimen them aie 
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a ntimbei* of black vertical bands descending to the ventral pvMiB which 
gradu^y diminish in size and finally disappear ih the adult iqp^»cfniens. 

47* Fifjh fauna of Lingampalli channel. 

Syib Mahmood, S. a* Kabbeb and A. K. Das, Hyderalmd 

(Deccan). 

Lingampalli channel which starts from the overflow of Hiissainsagar 
was surveyed in the month of April 1943. Fishes, aquatic organisms, 
and vegetation along with pH and temperature have been noted. Specied 
mention has been made of Oryzicts melc^tigma which is reported for the 
first time from Hyderabad State. Other ledvicidal fishes have also been 
mentioned. 

48. Fish sun^ey of the River Musi. 

Walt Hyder Hussaini and R. A. Hitmaytjn, Hyderabad 

(Deccan), 

A survey of the fishes of River Musi was conducted in tlie month of 
May 1943. An accoimt of the fishes along with pR temperature of 
water is given. Fonnerly it was considered that the water of this river 
was too dirty for the sustenance of fish life, but it has been shown that 
only a very small part is devoid of fish and other portions contain many 
useful species for stocking. 

49. Tlie blind fishes of Travancore. 

K. Krishnan Nair, Trivandrum. 

Four species of blind fishes have been recorded from Travancore. 
Of these two are new to science, viz. Amphipnom sp. iiov. and Ta>enioidea 
sp . riov . A niphipnotis sp . and Taenioides sp . are recorded from South India 
for the first time. Trypaachen vagina (Bloch and Schneider) is also 
recorded for the first time from Travancore, while Synd>ranchu8 hengciUmia 
(McClelland) has been recorded before from Malabar. All these blind 
fishes have more or less similar habit of life. They live either in pits or 
burrows. The burrowing forms, like Amphipnoiut sp., S, bengaUnsw^ are 
c^ompletely worm -like and are devoid of lateral appendages, whereas the 
pit- dwelling forms, Taenioides sp. and Trypauchen vagina^ have fish -like 
apj)eamnce and lateral appendages. But like the burrovring fcwrras they 
are also mom or less blind. The liabit of dwelling in burrows or pits seems 
to liave been responsible for the development of aerial respiration. In 
tlie burrowing forms, while capacity to store air in their bronchial cavities 
is necessitate!! by their burrowing mode of life which hinders gill respiration, 
in the case of pit-dwelling estviarino forms aerial respiration is necessary 
l>ecause the pits or crevicyos in which they dw^ell are often exposed and 
laid bare when the tide recedes. 

60, On the physiology of the pyloric caeca in a herbivorous fish, 
Osphronemm gordmy Lac6p. 

A. K. Da8 and M. Rahimullah, Hyderabad (Deccan). 

Biochemical analysis of the contents of the stomach, pyloric caeca 
and intestine was carried out in this herbivorous fish. It has been sho^ 
that the stomach secretes pepsin and pyloric cc^ca dinstase and trypsin; 
while tncdiase and trypsin are secreted by the intestine and some other 
enzymes come from the pancreas. Bile was also present inside the lumen 
of the caeca. 
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51. Fiirther remarks on the digestive enzymes of Oph^phalua 
striaJtvs Bl. '* 

A. K. Das and M. RAHiMtrLi^H, Hyderabad (Deccan). 

s 

Enzymes from the lumen of the pyloric caeca in this carnivorous 
fish were reported last year. It has now been sliown that the stomach 
secretes pepsin, intestine maltase and trypsin and the caeca secrete lipase 
and trypsin. The secretion of lipase in this fish instead of diastase in the 
case of Goramy is due to its carnivorous diet. 


Helminthology 

.52. Some fresh -water Turbellaria from Kashmir lakes. 

GtiRAN Lal Aroba, Lahore. 

The author collected fresli-water Turbellaria from higli mountain 
lakes in Kashmir when he accompanied the two Zoological Excursion 
Parties to the High Lake Region in 1940 and 1941. The present pafier 
deals with a systematic account of some of the forms with special reference 
to their ecology. The animals described belong to the order Tricladida, 
family Planariidae. 

53. On a new trematode Encreadium eutropiichthyim n.gen., 

n.sp. from a fresh -water fish Eidropiichthys varha (Ham . ) 
J. Dayal, Lucknow. 

A numlier of trematodes were collected from the intestine of EtUropi* 
icldhys vachu, obtained from a tank at Lucknow. The trematodes 
belong to the family Allocreadiidae but differ from all the known genera 
in the relative position and structure of the testes, ovary and cirrus sac. 
They also differ from otliers in tfie position of the gomtal pore and in the 
possession of oporculated eggs which are pointed at the anoj>ercular end. 
A detailed dem^ription of the form is given in the paper, 

54. On a new trematode N eop€>docotyle indica n. gen., n.sp., 

from the intestine of a fresh- W'atcjr fish CaUichrous ti- 
pmadatv/i (Bloch). 

J. Dayal, Lucknow. 

A number of trematodes (N eopodocatyle indica n. gen., n.sp.) were 
collected from CaUidirovs bimaculaitui obtained from River Gornti. The 
new forms are closely related to Podocotyle (Allocreadiidae) and resemble 
it in the relative position of the ov^ary and testis, in the jiosition of the 
genital pore aiifl in the structure of the cirrus sac. The new form however 
differs from it (Podocotyle) in the position of the v’^ontral sucker which in 
this form is near the anterior sucker. It also differs from Podocotyle in the 
extension of the uterus behind the ovary, and the relative size of the organs. 
A detailed description of the new form {Neojiodocotyle htdica n. gen. n.sp.) 
is given in the paper. 


55. On a new species of the nematode genus Thubunam Seurat. 

G. K. Chakravahty, Calcutta. 

A new nematode worm of the genus Thubunam has been recfovered 
from the stomach of GeJeko ycoko collected from the stiburbs of Ooleutta. 
A detailed description of the worm Itas been dwelt u|K>n in this |)aper« 
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56. Occurrence of Criconema rvsticum Micolefczky, 1921, in 

Travancore. 

R. Pabameswaba Iyise, Trivandrum. 

Criconema rmtwum i« a# soil nematode eollected from Central 
Travanoore. It is recorded in India for the first time, and so far only the 
females have been described. They are found in the soil among the roots 
of sugarcane andt though they have strong and prominent stylets capable 
of piercmg roots, they have not so far been foimd inside roots. The 
body is short and stout (0*313 mm. to 0*46 mm. in len^h and 0*022 mm. 
to 0*06 mm. in width) and is marked by a series of fiistinct annulations 
rouglily 4 to 5 m apart, and 88 to 89 in number. Unlike other soil nema- 
todes it appears to l>e somewhat sluggisli and incapable of active move- 
ments, when isolated and taken on a slide. A brief description of the 
morphology and the bionomics of the nematode has been included in the 
paper. 

57. An intere^jting trematode parasitic in an Indian marine 

food fish . 

H. 1). iSrivastava, Izatnagar. 

During the examinations of marine food fishes at Karachi in 1936, 
the author discovered the parasite described in this paper. It is assigned 
to a new genus owing to several characteristic features which distinguish 
it from the known trematodes. The parasite has a subcylindrical body * 
with a prominent, muscular, cup-shaped structure at its anterior end. 
The oral sucker is situated at the base of this cup and, in dorso-ventrally 
battened s)>ecimenB, it comes to lie at tlie base of a deep oral vestibule 
formed by the cup. It may also be everted at times when the cup- 
shaped structure assumes the form of a prominent, muscular collar round 
the anterior end. Prepliarynx and oesophagus are absent, pharynx is 
present. The intestinal caecja are broad and have prominent shoulders; 
the two caeca open independently to the outside through two ani at the 
posterior end of body. Acetabulum is very snmll and is situated about 
the middle of body length. The excretory bladder is a broad, elongated 
sae -shaped tube, whether or not it bifurcates anteriorly into cornua has 
not yet l>een definitely made out. Cutaneous gland (^ells are profusely 
<leveloj> 0 d all over the body but spines are absent. Gonads are intercaeoal 
and situated in the p<i8terior half of body. Tliey are fully described. 
The genital pore is pre-acetabular. The name CryptocepJmlns is proposed 
for this genus with C, indicw as tlie ty|>e s|>ecies. 

5H. Oa tlio (xciirrcuee of Psihchasmm lonyicirnUm Skijabin, 
1913, ill Nyroca ferina in India. 

N. B. Inamdab, Dharwar and G. I). Bhalebao, Izatnagar. 

A member of the genus Peilochasmm (Pailostomidae, Trematoda) lias 
lieen rec?orded for the first time in India. Observations have been made 
in detail on the anatomy of the worm and variations occurring in certain 
respects have l>een recordetl. In view of these variations the validity of 
some of the species assigned to the genus has been argued. 

59. A new speeiew of Avian cestode, Ophryocotyhides bhaleraoi 
n.»p., from the purple-rumped sunbird, Cinnyris zeylonicm 
(Linn.). 

N. B. Inamdar, Dharwar. 

While enga^d in examining a collection of cestodee m^e daring 
past few years, I came across this worm. On examination I find 
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it to belong to the family Davaineidae, aub-fiBUXuly OphrycM>otylinae 
Fuhrmann, 1907, and genus OjpkryocotyloideB Fuhrmann, 1920. 

On comparison with the other described species of this genus, I find 
the variations to be sufficient to create a new species to which I propose 
the name Ophryocoiylaides bhalertwi, 

60. Two species of the nematode genus Setaria Viborg, 

M. M. Sabwab, Izatnagar. 

Observations have been recordeil to prove that cervi (Rud.) and 
S, digiiakt (V. Linstow) are two distinct sp^ies. S. digitata has more or 
less quadrangular lips wliile in S, cervix they are triangular. The 
appendag€»8 in the posterior part of S, digikUa are blimtly rounded and the 
loiob varies from a vestige to a well-defined roimded one. 

61. An account of two species of lungworms from Indian 

goats. 

M. M. Sabwab, Izatnagar. 

Twx> new lungworms, one of the genus Protostrofujyluju Kamensky 
and the other of Vareatrongyltis Bhalerao, are described. The s^jicules in 
P, indict(s n.sp. are distinct on aocoimt of the characteristic aliape of their 
poeterior end. F. capricola n.sp, differs from F. pneumonictis by the 
absence of a spindle-shaped gubemaculum. The validity of the application 
of the term gubemaculum to dorsally situated structure is disciumsed. 

62. On 8ome helminths of the fowl, mainly from India. 

G. D. Bhai,ebao, Izatnagar and N. S. Kbishna Kao, Mandya. 

The paper deals with six nematodes and seven cestodes. Actioria 
pavonis Ortiepp is considered to be a synonym of -4. f^fwdom. A, 
spiralis f RaiUietina ratigoanica, R, grobbeni, Hymenolepia canianiana 
have bwn recorded for the first time in India. Capillaria eolmnbc^e, so 
far known from pigeons^ has been recorded frrwn poultry. He4erakw 
6eramporia and B, eckinoboihrida liave bfjen recorde<l from Singapore. 
Tetrameres mohtedai n.sp. and Bhalfilarki badamii n.g., n.sp. have Ix^i 
described in detail and arguments for regarding them new to science liav© 
been given. Remarks are offered on the species Coitignia digonopara, 
Amoebota^nia sphenoides and B. tetragona. Interesting v^ariations liave 
been recorded in some species dealt with. 

63. An appeal to systematic h©lraintlu>logmt» in India, 

G. D. Bhal.ebao, Izatnagar. 

It has been a general practice of all systematic helminthologists in this 
country to publish abstracts of their papers in the Proceedings of the 
Indian Science Congress and in doing so some new species, new genera, 
new sub-families and rarely new families are proposed. Bince the tndian 
Science Congress does not publish full papers, the descriptions of the new 
genera and new species, etc, are published subsequently by the authors 
in some journal, sometimes a few years later. In doing so, however, the 
authors do insist on attaching the symbols ‘n.g. \ *n.sp/, etc. to the 
forms whose names have already appeared in the Proc. Ind. Sd, Cong, 
This is altogether a wrong proc^ure, and im|K>se8 on other workers the 
onus of discovering whether the name lias l>©en previously publislied or 
not. In order, therefore, to facilitate the work of other systematists on 
this group the authors are requested ‘either not to attach a new name to 
a species or a genus, etc. mentioned in an abstract before the publication 
of the full description, or else, when publishing a full description later, not 
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to label the apeoies, geniie, etc. as ** new ” but to quote the earliest appear* 
anoe of t^ name’. This ameal is made at the suggestion of one or the 
eminent helminthologists of Great Britain, Dr. H. A. Baylis. 


General 


64. Histology and development of the corpus lutoum in Rhino- 
battle granulatue Ouv. 

(Miss) Maky Samubl, Madras. 

Vttriaus views are held in regard to the mode of formation of tlie corpus 
luteum, and the origin of the luteal cells in mammals. The present com> 
munioation describes the manner in which the corpus luteum is formed, 
and traces the origin of the luteal cells in a typical ovoviviparous 
Blasmobranch — Rhinobatiis granuUUua, 

A detailed description of the histology and development of the 
corpus luteum from the earliest stage up to the formation of a solid 
granular body is given. All the three elements of the follicular wall of the 
ruptured Graffian folicle, viz. follicular epithelium, theca interna and 
theca externa take part in the final formation of the corpus luteum. 

The luteal cells are shown to be formed by the hypertrophy of both 
tlie cells of the follicular epithelium and the theca interna. Their mixed> 
origin of the luteal cells is described in a lower vertebrate for the first 
time. 

It has also been aliown that degenerative changes set in very late. ^ 
The close analogy between the formation of the corpus luteum in the 
Elasmobranohs and the mammals is pointed out. 

66. Forimation of the spermatophore iii some South Indian 
pulmonates. 

P. N. Rajakbishka Menon, Annamalainagar. 

The formation and transference of the spermatophore has l^n 
studied by the author in Ari^phanta ligukUa (Fer.), Ariophanta bislrialis 
(Beck.), XesUi (Fretum.) RernirugcUa (Beck.), and Euplecta subdecuesata 
(Pfeiffer). A complete series of stages in the formation of the spermato- 
phore have been obtained and sketches of these are given in the paper. 
The formation of the spermatophore is in the kale -sac, epipliallus and 
caecum as well. The function of the caecum is to form the tail or narrow 
end of tlie spermatophore and to help the transference of the spermato- 
phore and ‘not to receive the spermatophore before it enters the penis 
sheath’ as Dasen described. ‘ Calc -cells ^ in which crystals of arragonite 
are formed are found in abimdance in the connective tissue of caecum, 
and during tlie formation of the spermatophore they are shed into the 
lumen of the caecum. Ct^lcareous ^anules are formed in the kalc-sac, 
epiphallus and in the connective tissue of the penis. The calcareous 
granules are moulded into a compact case for tlie sperms. 

Farther observations arts in progress. 


m. Chaotognatha^f the Travanoore coast. 

N. Kbishna PiliLAi, Trivandrum. 

The phylum VhaetogneOha is represented in the Travam^ore coast by 
tliree ^n^tL^agiUa, SpadeUa and Krohnm. The genus which 

is the most predominant comprises five species, of which 6. entffoto tod 
S. bedUAi are fairly common, whereas the remaining species are somewhat 
rare and are only oocaaionally foui^ 

paper, the spetjies S, gardineri described by Jolm from the Madras coast 
Md Lele from the Bombay ooaat have be^ shown to be synonyimus 
with S. er{flata described by Fowler. S. described by John ftom 

the ooaat ia evidently aome other speoiea. 
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The genus Krohma is represented by a single species* K, pacifica. 
Tills was recently described from Indian waters by Varad^ajan and 
Chaoko. But it biw been shown that the Camera lucida sketon given by 
them as well as their description seem to disagree with the type descrip- 
tion given by Fowler and the characters noticed in the present collection* 

Spadella draco has also been recorded; but it is very rare, probably 
because it is a form which usually remains attached to the smooth surface 
of sea-weeds and other sub-marine growths. 


67. ESbct of vitamin A deficiency on the female reproductive 

system with special reference to albino rats. 

(Miss) Maky Samuel, Madras. 

It has long been kno\m that the absence of vitamin A in the diet 
of rats interferes with ovulation and fertilization, causing sterility in the 
female. This work is an attempt to find out whether there are any 
deviations from the normal in the histological structure of the ovary, 
uterus and v'agina— deviations which can be reasonably attributed to 
deficiency of vitamin A in the diet causing sterility. Important histo- 
logical changes in the vagina and uterus have been doscrilied. 

68. Physiology of excretion in the earthworm. 

K. N. Bahl, Lucknow. 

Oiu* knowledge of the pliyaiology t>f excretion of the OUgochaeta in 
still very incomplete. As recently as 1938 Htolte Broiin's Tiorreich says 
that ecu?h one of the number of contributory processes involved in excretion 
has been inv'estigated with v'^arying results, so that it is not [>ossihlo as 
yet to have a complete picture. 

The author has difiK^.ussed in this pafier the part j>layeil l>y the 
chioragogen cjells and tlie l)ody-w'all, the coeloinic fhiid ancl tlie blood, 
and the nepluidia in excretion. He also descrilKjs the nature and mass of 
excretory products. 

69. On the iiephridial HyBtein of the Indian carnivorcairt leech 

Hmviopis t Jidicm Biiatia. 

• *M. L, Bhatia, Lucknow, 

Haen^pis was for the first time recorded from Intlia by the author 
m 1940. 

In the matter of testis-sacs Hetemopie CK^cupios an intermediate 
position l>etween Hirudo and HirndinarkA, there being 10 pairs in 
Haemopia 9 and 1 1 respectively in Hirudo and Hirudinaria. 

The general layout and gross features of the nephridial system are 
very similar to those of Hirudo and Hirudinaria^ described by the author 
in 1938, 

Of the 17 pairs of nephri<iia from VI to XXII segments, 0 pairs are 
in tile pre- testicular segments, 10 pairs in the testicular segments, and 
1 pair m the post-testicular segment. Nephridia are thin and delicate, 
and the different lobes are muc’h spread out. The initial lobe is an 
extensive structure, massing round tlie ampulJae which enclose the 
ciliated organs. 

Eleven pairs of ciliated organs, enclosed witliin the perinaplirostomiat 
Haemocoelomic ampullae, liave large ciliated fimnels, and like the other 
two forms are subservient to the Haemocoelomic system. 

Detailed comparison with the nepliridial system of Hirfjido and 
Hirudinaria is given in the paper. 
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70. On the skeleton of the common Indian frog, Bana tigrina. 

j M. L. Bhatia, Liucknow. 

Although the number of zoology textbooks for the Indian students 
has multiplied considerably during the last few years, it is not possible to 
entirely depend on any one book' which figures or describes accurately the 
skeletfld system of the common type Rana tigrina. 

This paper, illustrated by a number of figures, gives a detailed des- 
cription of the entire skeleton. 

Tlie cartilaginous part of the cranium, the cartilages of the nasal 
capsule, the septo-mas^lary Ixines mentioned by Bliatia and Prashad 
1918) are accurately sketched and described. Tlie foramina for 
the cranial nerves, the attaclmient of the lower jaw and the hyoid apparatus 
are projiorly determined. The ear-bone, columella, is described in detail. 

In the pet^toral girdle the edges of the coracoids of the two sides, 
difierently figured in the textbooks, partially overlap in the mid-ventral 
line. Detailed structure of the girdle including the cartilages is figured 
and described. 

71. On the alimentary canal and gonads in Microcosnms 

marmarensis Herdman, a monascidian from Madras. 
iS. M. Das, Lucknow. 

All the specimens of this species were secured by Herdman from the 
coast of Ceylon or from the Gulf of Manaar. No other record of this 
aacidian exists. It is now recorded from the coast of Mckdras. The 
present paper gives a first description of the alimentary canal and the 
gonads in Microeosmiui manaarensis. 

The specimens on which the author has worked contain no sand and 
shell fragments on or in the test — a specific character mentioned by 
Herdman. It thus substantiates the author’s earlier view that (i) the 
presence of sand, shell fragments, etc. attached to or incorporated in the 
teat, and (ii ) the formation of a thick */oof ’ of test substance for attachment 
of the animal are not standard specific characters, but vary from individual 
to individual, depending on the nature of the substratum on which the 
aacidian lives. 

12m On variations in the number of gonads and shape of dorsal 
tubercle in the monascidian Styela areolata Heller. 

S. M. Das, Lucknow. 

That large specific variations occur in the lower chordates is an 
established fact. The author shows that in Styela areolata Heller the 
numlier of gonads varies from three to seven on the right side and one 
to throe on the left, and that the number of gonads should not be regarded 
as a specific character in Styela. Incidentally, this is the first time that 
such a large variation in the number of gonads is recorded in Styela 
areolata. 

The shape of the dorsal tiil)ercie, which is considered by some authors 
as a speoific character, also sho’ivs variations. The present paper contains 
the first ret'ord of Styela areolata in the coastal waters of the Indian 
main land. 

73. A note on the cephalic segments of the embryo of Caridina 
laevin Heller. 

K. Bhaskaban Nair, Trivandrum, 

This firesh-water shrimp occurs in plenty in the ponds in imd 

around Trivandrum. Brooded specimexw can be easily obtained during 
the monsoon months. Hach brood contains on an average 30-40 embryos. 

a 
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The eggs are large measuring about I mm. in length and half as much 
across. They are heavily yolked and the developing embryos are attaohed 
to the pleopods of the mother. The etirly embryology of the form has 
been studied and the methods employed were the same as in the two 
previous investigations of the author on Mesopodopsis and SquiUa {Proc. 
Ind, Acad, Sci,» 1939, 1941). Interesting results have been obtained. 

74. The fresh-water prawns of Baroda (a preliminary report). 

S. T. Moses and P. H. Joshi, Baroda. 

Fresh- water prawns in the fish supply of Baroda City, viz., Palc^mum 
oarcinua, Fabr. and P. malcolmsonii^ Milne-Edw., have been described 
in this paper. 

76. Further cases of abnormalities of the vascular system of the 
common Tntlian frog, Rana tigrina Daud. 

Thakfb S. B. Singh, Nagpur. 

The pap)er is an attempt to plat^e on record the abnormalities in the 
circulatory system of the common Indian frog, Ratia tigrina^ which is 
dissected in the various Indian Universities as a t 3 rpo for vertebrate 
anatomy in the junior classes. The abnormalities ap}>ear irr6>s|3ective of 
the sex of the frog. These are chiefly affeciting the anterior as well as the 
posterior veins. Work of this has been done on the European frog, 
Rana temporaria, but the abnormalities reconled in this paper are 
absolutely now ones than those previously ret^orded. The anterior 
venous abnormalities are chiefly affecting the prectaval veins, and its 
tributaries; while the posterior abnormalities are chiefly those of the 
renal portal vein and its tributaries. 

76. Upanishads in the light of modern biology. 

K. A. Patwabdhan, Indore. 

Man tried to interpret nature in terms of anthropomorphic concepts ; 
these, however, failed to satisfy the thinking mind and the principle of 
causation emerged. This did explain the large scale phenomena but when 
science comes with closer grips with nature we have to admit that we 
are not yet in contact with the ultimate nmlity. A eoraparLson of the 
advance in scientific thought today and in th^^ vchUc |jeriod shows tliat we 
are no better than the scientists of those times who had not only reached 
the modem stage of the search of the ultimate reality but hml gone much 
furtlier. This would appear amazing but it is true and intensive research 
alone oould prove this. As a proof the full scdentiflc inter|^rotation of one 
‘Upanishad’ (Aitareya Upanishad) is given which shows that this is a 
volume wliich deals with questions which are fully biological dealing with 
subjects like (a) origin of life, (6) evolution of a liigher animal, (c) dif- 
ferentiation of structure correlated with funt^tion, {d) evolution of the 
vertebrate nerv^ous system, {e) facts alK)ut gametes and the jdienomena of 
feortilization, (/) definition of life and its evolution, and (g) method of 
ajttaming tfie supreme bliss. It is suggested that some effort is made by 
the State, Universities or tlie Science Congress lo organize intensive 
research in this direction. 

77. On the fluctuation of a few typical itemsf of planktonic 

organisms in the sea around Kmsadai Island, Gulf of 
Manaar, for the quinquennium 1936-37 to 1940-41. 

I>. W. Devanesen and P. I. Chacko, Madras. 

The following items were selected for the study: Copepoda, 
Pteropoda, SagiUa^ Larval bivalves, Oaacinadiscm, Clicisiecsras, 

8b 
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aolenia^ Tkalassiothrix and Triciiodeamium. The periodical rise and fall 
of these ornfhnisms during the five years have been studied by means of 
graphs. The Zooplanktonic organisms dominate the hauls. Copepods 
maintain the highest level between the ‘plenty’ and ‘common’ stages. 
The Pteropods occupy the lowest level between ‘common’ and ‘rare’ 
stages. Of the Phytoplanktonic organisms, Trichodeamiia/n occurs 
abundantly, fluctuating lietween the ‘swarms’ and ‘common’ stages, 
falling to the ‘few’ stage on a few occasions. All the organisms, except 
Chaeloceras^ contribute to the food of the following fishes of local fishery 
importance: the Indian Sprat (Sardinella gihhoaa)^ the Sardine (PeUona 
hrackyaoma)^ the Gizzard-Shad (AnodorUoaUyma chacunda), the White-Bait 
(Stolephorua spp.), tlie Rainbow -Sardine {Dvsaumieria hasaeUii), the 
Milk- Fish {(Jfmnos chanoa)^ the Pink-Perch {Synctgria japonicua), the 
Silver- Bellies (Leiognathua spp. and Qazza tniniUa), the Moon-Fish (Mene 
maculakt} and the Mullets {Mwjil troschelii and M, waigienaia). 


78. Obse3rvation8 on the habits of two spiders mimicking the 
red ant. 

A. P. Mathew, Trivandrum. 

Tlie paper contains observations on two ant-mimicking spiders, the 
Attid Mynmirackne plaialeoidea and the Thomisid Amyciaea JorUcepa, 
which mimic the eonuncm red ant Oecophylla amaragdina. The external 
forma of these spiders are compared with their model. Amyciaea is alleged 
to raise the first pair of legs to simulate the ant’s antennae, but this is 
denied. It keeps both the first and second pairs of legs bent and quivering 
in a characteristic manner serving to ‘lure’ the ants. The usual statement 
that by ant-mimicry ants mistake these for other ants, thus affording 
these sjjiders plenty of unsuspecting prey, cannot be accepted in view of 
the disc'.riminating powers of the Oecophylla. 

Both these spiders are diurnal and their night retreats are described. 
Amyciaea ‘sleeps’ 8U8j>ended on a ‘sling* made for the night. Mating of 
Amyciaea is not preceded by any courtship as sometimes suggested — the 
‘nervous* movements noted when they come together being observed also 
as they ordinarily move about. 

Purpose of ant-mimicry in both these is protective. In Jimyciaea 
it is also aggressive. For protection tlirough mimicry it is essential that 
the mimic be amongst or near the models. How this is brought about 
is discussed. 


79. Systematics and distribution of Brackish water lamelli- 
branchs of Travanoore backwaters. 

P. M, Gokulapaea Menon, Trivandrum. 

'Fhe class I..ameni brand uata is represented in the backwaters of 
Travancore by eight genera, comprising eleven species. On these, Oatrea, 
Villorita, and Mereirtx *are of economic importance. The fiesh of these 
three types is used as food, wliile the shells of Meretrix and ViUorita 
form the main sourf,’e of linxe supply of the State. Sanguinolaria diphoa 
and Tailina ala are recorded for the first time in Travancore. Old shells 
of Area granoaa and Placuna plctcerUa are also found as subsoil deposits 
in the south-eastonr region of the Vembanad Lake. The occurrence of 
these old marine shells temls to prove that the Vembanad Lake was 
once part of tl^e sea and that it was converted into a backwater only dtiring 
recent times. No mention of the Lake is found ih the works of either 
Pliny or Periplim, which give a detailed account of the topography of the 
coast line as it existed m tlie flbrtrt) century of the Christian era. The 
presenee of ext^msive subsoil deposits of six to seven miles sway 
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from the main body of the lake in the re^on now called Kuttanad also 
indioates that the lake wae much wider and more extensive than it is now. 


80* On oviposition as a character in the evolution of terrestrial 
gastropoda from aquatic gastropod molluscs* 

A* R. RAITJiLH. 

The present paper describes the transition from aquatic to terrestrial 
oviposition in some gastropod molluscs, as reiiected in the oviposition of 
the different species of PHa, 

It also exposes the mistaken conception of Ryder that the egg of 
Pila resembles that of a bird by the presence of (1) an air vesicle, (2) a 
peripheral zone of more liquid albumen, and (3) a central solid mass of 
albumen. The author has proved that the air vesicle is a later structure 
which appears only in those eggs that are either exposed to direct sun* 
light or are not provided with enough moisture to cope wtih excessive 
evaporation. It is never present in fresh eggs. 

Lastly, it disproves the statement of ^ott (1934), who attributes the 
transformation of the outer or peripheral solid and opaque albuminous 
sphere into a transparent fluid to the physical conditions of tlie atmosphere, 
viz. light and heat. It is shown that it is due to an internal physiological 
process rather than to external physical atmospheric conditions. 


81. A new device for the collection of moth eggs. 

A. R. Rakjah. 

The present paper gives a description of a cage devised to collect 
dour moth eggs. It is cylindrical in shape and consists of tliree separate 
pieces. The upper piece or cylinder has wire-gauze plates at its two 
ends with an entrance bole in the centre of th€» upper one Tor introducing 
the Corcyra moths. The lower cylinder has a funnel filled into it, at the 
bottom of which is a small removable or sliding cup in which the eggs 
get collected automatically. The whole thing is pdacod in a dish, which 
constitutes the third piece and cK>ntains water so as to prevent the access 
of ants to the eggs. 


82. Mechanism of defence in a P.'<e]a}>hagnathou8 Diplopod, 
Unixenus padmamibhii Jones. 

S. Jones, Trivandrum. 

The genus Monoxenus was created by the writer {Zool. Anar., VoL 119, 
pp. 138-146, 1937) to include a new Pselaphognathous DiplojxHi (Fam. 
Polyxeiiidae) ; but recently it has been brought to his notice thnt this name 
has been previously used in zoology for a Cerambycid {Mcnoxmus^ 
H. Kolbe, Pnt. Zeitung SteUin^ Vol. 54, p. 255, 1S93. Coleoptera: 
Cerambycidae). Therefore, in the place of Monoxen us the generic name 
Vnixenus with Vnixenus padmanahhii Jones as tVie typo is propoaei}. 

8tmk glands and caletfiod exo -skeleton are abi^t in the 
PBelaphognatba, but is provided writh a covering of setae which are 
considered as protective. The paper deals with the muse\i1ar machanism 
that helps to spread the post-anal bimdie of defensive setae of Untapmus 
padmanabhdi when irritat^. The concave setigerous plate gets converted 
in^ a convex one by eversion when the two seto of muscles responsible for 
this contract. The defensive setae which are barbed and booked iwre 
very feebly fixed on to the exo-skeleton enabling them to get themsdves 
easily dc^tached on contact with any object. 
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83. Descriptions of some new species of coccids found on 

sugarcane. 

S. Ram Mohan Rao, Mukteswar. 

In this paper detailed d^riptions are given of Pseudocoecm radidcola 
n.BP., Phenoeocciu tacehori n.sp., Paeudococeus cuttackenaia n.ep. and 
Rhizococcua radicicola n.sp. 

84. On a new monophlobus DrosichieUa gigantms n.sp. from 

India. 

S. Ram Mohan Rao, Mukteswar. 

Tho <ie8criptioni5i of the nmlo and female of Droaichiella giganteua^ 
an api>arently new species of monophlebus from India, are given in this 
paper. 



SECTION OF ANTHROPOLOGY AND 
ARCHAEOLOGY 

President: — ^Vebriisb Elwin, M.A. (Oxon), F.R.A.I. 

1 . Foreign and outlying tribes in Epic India. 

Nanimadhab Ohattdhtjbi. 

The Ramayana and Mah^bharata cover a period of Indian history 
extending to nearly a miUenium beginning with pre- Buddhistic times 
when Northern India was politically organized into sixteen States and 
ending with the early Gupta period when Huna ineiireions commeneed. 
Foreign tribes that entered India during this period, the Persians, Yavanas 
or Yonas, Sakas, Palhavas, Tusaras, Chinas and lastly HuniiS, all appear 
in the Epics, though the texts take no notice of the political changes that 
the irruption of the different tribes involveti. Together with these foreign 
tribes there appear a number of outlying tribes whose numl>er varies in 
different lists and the Mlecchas, probably non -Aryan speaking tribes 
regarded as outcastes. Inferences show that most, of these foreign and 
outlying tribes had come quite early under the influence of tlie Brahmanical 
religion cmd social system and many of them were regarded as Ki^iatriyaa 
who had become ^udras. These tribes appear again and again but almost 
exclusively in connection with military exploits, they fight in the armies 
of indigenous princes and send tributes to the Central power. This is 
most likely reminiscent of the Maurya or rather of Gupta India, and it is 
against this background that the Mahabharata portrays the picture of a 
prehistoric, forgotten conflict between the Kurus and PAffc&ias in which 
princes are described as taking part, some of them with Yavana, Saka 
and Chinese troops in their armies. As against this gigantic canvas spread 
out before us the Kamayana is much less representative of India as a 
whole. 

2. The Aryas, Dasaa and Dasjais in the Rgveda. 

Nakimadhab Chaudhuri. 

The most important division of the people in iht? I^gi’^oda is l)etwBen 
the authors of the hymns and their enemies and not between Aryans and 
non- Aryans, Their enemicx) included both Arytks and Dasas. The Aryan 
enemies were cmposed to Indra worship. The Dasyus had different rites, 
were non-sacrificing, worshippers of false gods, liaters of p^is, Agni had 
degraded them for not keeping fire and Indra ha<l deprived them of the 
name of Arya. Several Dasa cliiefs are name<l but with the i^xception of 
one, no other Dasa tribe appf^ars tf> be mentioned by name. Similarly, 
though individual Aryas are nametl it is not statcxl- which of the l^gvetlic 
tribes weare regarded as Arya. The third division is totween the worship- 
pers of Indra and the Indra -less. Among the Indra -less there were Aryas, 
deities and Dasaa. Some priestly clans were associated with tribes inimical 
to Indra. Most of the j^gvecfic tribes fought agaimit Budas the faithful 
Triteu chief. The fourth division is between the white-skinned and the 
black -skinned. The friends of Indra are once spoken of as being white 
but whether kffttagarbhah really refer to the Dasa 

is doubted; on the contrary, Tnisadasyu, an Arya, is once called the leader 
of the brown-skinned. From the above we are 1^ to the conclusion that 
the Dasas of the J^gveda were probably tribes who belonged to an Aryan 
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stock dilfereat from the stock to which the priestly clans belonged and 
that the ^estly clans branded them as Dasas and denied them the name ' 
Arya for their heterodoxy. 


3. The Pamirian Alpines In the Indus valley in chalcolithic 
times, 

Nanjmadhab C^HAumruRi. 

The presence of the brachycephalic Indo- Aryans from the Pamirs in 
the Indus valley in chalcolithic times when the Indus civilization 
floimshed is proved by craniological evidence and the evidence of a new 
inode of fractional burial. The presence of this ‘ Aryan ’ element among the 
population of the Indus valley has been ignored by theories advanced 
regarding the authorship of the Indus civilization which give all credit to 
the Mediterraneans and Annenoids for the Indus culture, it being held 
that the irruption of the brachycephalic Indo -Aryans from the Pamirs 
displae€»d the Indus civilization. Analysis of the elements of the Indus 
religion, however, does not support such a view. Some of these elements 
are pecuiliar to India and they disprove the theory of wholesale transplanta- 
tion of the Mesopotamian culture in the Indus valley. Many of these 
elements appear deeply embedded in the Vedic tradition and these could 
not have b^n borrowed from the Medito-Armenoids whose representatives 
appear in Northern Indian records not earlier than the fourth century B.C. 
Many other elements with the characteristic Indus mode of representation 
reappear in the two religions which originated in Eastern India, Buddhism 
and Jainism, Some elements reappear with new accretions in the Epic 
religion which arose in the West. It is therefore a justifiable conclusion 
tliat the brachycephalic Indo-Aryans who are now represented by the 
inhabitants of the outer countries were an integral part of the Indus 
population and mainly responsible for the development of the Indiw 
rdi^on, that the Itgvedic priestly clans borrowed several elements of this 
religion from them and that they carried the tradition of the Indus religion 
along with them as they dispersed to the east, west and south from the 
Indus valley. 


4. Priiiiitive aboriginal cultures in the Deccan. 

CHBisTorH VON Furer-Haimendobf, Begumpet. 

In the course of anthropological research in Hyderabad I have 
studied some of the aboriginal populations which represent *the most 
ancient existing racial and cultural strata of the Deccan. The Chenchus, 
in whose physical typo the Malid element is predominant, are one of the 
few Indian tribes persisting in an economy based on food-gathering and 
hunting. Life in small, semi-nomadic groups of fluctuating composition, 
the family as the principal social and economic unit, an almost complete 
absence of any institutional co-operation outside the circle of its meml^, 
a promumced individualism are charac^teristic feati^es of the Chench^ 
social order. Economically the Chenchus stand on the level of palaeoUthic 
man and there is good reason to see in them a remnant of the rapes 
resimasible for the palaeolithic flake-industries found in the Deccan, 
^^ut are there among India’s aboriginals any tribes who^ cul^s 
con bo correlated with the prot^ -neolithic civilizations characterized by 
the sausage-shaped or oval axe-head t The makers of these protoi^ht^c 

coliure exist stil? in the Deccan and the Eastern Ghats. Tlie Beddis 
o?Hrd2£5 for instance, stand midway b^we^ food-gatoerer. 
ftdly V^S^^culturists; they cultivate on hdl-slopes cleared of forest 
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the help of no other implement than axe and digging-etick, broad- 
casting Bmali millete in the ashes and dibbling jawari and mai'se. Thuk 
their agriculture is far more primitive than the hoe-cultivation of the 
Austroasiatio peoples and many of the Gond tribes, and the gathering of 
wild-growing fruits and tubers plays an important rdle in their economy. 

5. Indian megaliths with special reference to Pudukkottai. 

K. R. Sbintvtasan. 

The numerous megalithic sites in Pudukkottai bear a striking relation 
to its physical features. Here are all the resources that an iron age man 
needed for his megaliths, pottery, iron and ornaments and also traces of 
ancient glass and iron-smelting industries. Tiie surface indicatioTis are 
stone-circles, cairns, dolmens and cromlechs, erected over urn or cist 
burials. While it would appear that neither the later Indus people nor 
the Vedic Aryans, known from Sanskrit ic sources, were responsible for the 
^read of eittor the megalithic cult or iron in India, ancient Tamil literature 
gives indications tlmt iron was used in South India for a long time before 
the Vedic Aryans came there and that the megalithic cult was practisecl 
in South India from at least B.C. 1000. Tlie survival of this cult and the 
knowledge of iron among some primitive tribes in the south and Central 
India would suggest an earlier period probably B.C. 2500-2000. Tlie 
Egyptian origin of this cult and its probable spread from the soxith to the 
north have been postulated with reference to the density of the distribution 
of the sites and pther considerations. 

Instances of the association of these burial sites with ancient Buddhist, 
Jaina, and city sites are quoted and a correlation of the finds in the two 
sets of sites occixrring near each other may yield fruitful results. 

6. Use of myths in the religious practices of the Mundaa of 
Ohotanagpur. 

M. Bhaburi, Uharamjayagarli. 

Magic and religion are often found in combmation and utilized in the 
primitive as well as in the higher cultures, to secure meapoB from fear and 
impending danger. 

Incidents in personal or national experience of unexpected events 
resulting *m miraculous escapee from imminent dangers were often the 
foundations of the concepticm of God as ‘deliverer’. Thus originated tlie 
prophets and Avatars to relieve the sufferings of hunuuiity from the 
forces of evil. Gradually, the great religions of the World enunciated as a 
cofimic principle tliat such divine inanifest^itions occur |>ori<Mlically. 
There are examples in the primitive culture, of a practic^al use of the 
myths connectoil with their Gods. A se<.*tion of the Mimdtui of 
Chotanagpur believe in the efficacy of the recital of ttio myth d<3scribmg 
the triumph of their Supreme God Sing-Bonga over the Asurw — a race of 
great iron smelters who scorched the and made human life impossible. 


7. Mahomedan blood groups. 

B. N. Majumdar, Lucknow. 

Analysis of Blood Group data from the Muslim population of tlie 
U.P. shows their Blood Group distanc^e from the Muslims of lienga! who 
have recorded similar Blood Group percentage lis some of the lower castes 
of the area (Macfarlane). Tlie large percent^e of O among the Muslims 
of U.P. and a lower incidence of B show perhaps a higher degree of isolation 
or ethnic purity of ujKJountry Muslims. 
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8. The nasion-subnasion-basion angle in south Indian skulls: 

a Criterion of maxillary projection. 

A. AjJANTHAiTARAyANA Ayeb and K. Sanjeeva Rao, Madras. 

A study has been made of the nasion-subnasion-basion angle in sixty 
South Indian skulls, comprising 49 male and 1 1 female skulls. The average 
value is 86*5* in the male, ^nd 84*9® in the female skulls. 

nasion-subnasion-basion angle is the antero-inferior angle of the 
superior gimthic triangle deyised and described by Cameron. The superior 
gnathic trmngle is drawn on paper from the measurements on skull of 
basion-nasion, basion-subnasion and nasion-subnasion lengths obtained by 
osblipers. The nasion and baslon eu*e recognized standard anthropometric 
landmarks. Tlie subnasion, a new point introduced by Cameron, is 
determined as ‘the point where the line connecting Hrdlicka’s subnasal 
points crosses the medmn plane of the skuir. 

Maxillary prognatliism can be resolved into two elements : ( 1 ) a nasal 
element dependent on the configuration of the body and frontal process 
of the maxilla, and (2) a subnasal element dependent on the depth and 
inclination of the alveolar process. The nasion-subnasion-basion angle is a 
criterion of the nasal element of prognathism. There is cause to believe 
that the imsal element of maxillary prognathism is a more reliable standard 
for assessing the evohitiomiry status of the face than the variable subnasal 
element or oven the gnathic index. 

The nasion-subnasion-basion angle shows a progressiva evolutionary 
increase among animals and human types. According to Cameron its 
value is 78*6® in mitive Australian, 79*6® in male Negro, 81^6® in male 
Mongol, and 81*8® in male white. The present study shows that the 
South Indian female skull has an angle of 84*9® and the South Indian male 
skull an angle of 85*5®. 

9, An Indo-clasfiioal cnstom. 

0. R. Krtshkamachaeltt, Madras. 

Tim paper is meant to draw attention to the tndo>claBsicaI parallel 
festival of school -boys going door to door singing songs cmd receiving 
presents. The festivals were, however, held in different seasons in India 
and Rhodes. 

10. Prehistoric microbone tools from Gujarat. 

H. D. Sankalia, Poona. 

During the excayetion of microlithic sites at Hirpura and Langhnaj 
both in and adjac;ent to the Sabarmati valley, Northern Gujarat, by the 
Gujarat Prehistoric Expedition (1941-42), a large munber of bone splinters, 
almost all fossilized were noticed usually between 2 feet to 6 feet. The 
writer examined each lot as it emerged, and foimd that some of these 
S{>1 inters showed clean pointed facets, while few others had a nib-like 
point and body. Ho ^consequently thought that pieces were probably 
small bone tools, prepared in imitation of microUths, in whose association 
they were found. 

* From the manner of cutting, the tools may be divided into the followmg 
eight t 3 rpe 0 : — 

1 . Rectangular pieces, cut obliquely at one end. 

2. Reetangxjlar pieces, out obliquely at both ends. 

Jl. Rectangular pieces with spatulate end. 

4. Pieces triangular in section with obtusely cut point. 

5. Nib-like pieces with sharp long point and broad body, slightly 

convex on face and concave mner side. j • j 

6. Crescentic pieces with blunted arc and smooth chord and sides. 
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7. Thick oreaoentio pieces smootii all over, as if by rubbing, but 
shovdng original facets. 

8. Biuin-Hke objects, with their points out obliquely as vroll as in a 
reverse fa^ion. 

Probably these are the first bone 'finds of microlithic type in India 
or elsewhere, which are definitely recognised as tools. Till now bone 
tools of the later Palaeolithic, particularly the Miwdaelenian and of the 
Mesolitluo period from a nirm^r of sites in Northern Europe, Britain, 
Palestine, Africa (the Wilton of Kenya and Bhodesia), Ceylon and India 
are known. But all these are much larger in size and cannot be compared 
with Magdalenian and Magalinose bone tools. 

11. Mother-right in Kerala. 

L. A. Krishijta Iyer, TrivandruTn. 

Tlie mothers are the basis of the primitive social group. Mother -right 
means inheritance in the femaUi line with n^gard to relation as well as 
property. Kerala is one of the important tracts where the princij>al 
matriarcally influenced 8o<iial groups are found. Among the primitive 
tribes one section of the Malapantarams who lead a noin^ic life, affords 
an example of the earliest form of patriarchy. There was no well-defined 
sj^stem of inheritance among them as there was nothing to inherit; the 
relationship that existed was patriarchal. When the tribes passed from 
the hunting to the agricultural stage, patriarchy devolofied into matriarchy. 
So it is among the Kanikkar, Muthuvan, Mannan, Malayarayan, Paraya 
and Pulaya among whom there was no cliange of clanship after niarriage. 
But husband and wife retained their owm <dan, and the chilrlren belonged 
to the mother’s clan. The clan is still the pillar of their social structure. 
In regard to inheritance of property, inheritance is in the female line 
among the Muthuvans, Mannans, and Ilian tapu lay as. 

Mother-right was at one time general throughout South India. The 
clan consisted of all desc^endants in the female line of a common male 
ancestor. The household was constituted by tlie mother and her children, 
sisters and brothers, Cliildrcxn belonged to their mother’s brother whose 
name occurs in theirs. Degeneration set in, when, under the effect of 
modem civilization, the tendencies of the educated section began to dmw 
them to the universal system of j>atriar<jhy. In 1926 a law w’^as enacted 
regulating marriage, succession, and family management of the Nayars. 
Among other things, it altered the customary law' of inheritance by con- 
ferring the right of inheriting a Nayar malo^s self-acquired «md separate 
property on liis wife and children, and made provision for the partition of 
the clan’s properties among its members. This paved the way for the 
complete overhauling of the social organization of the community. While 
the regulation sounded the death -knell of matriarchy, tVie community 
which formed the backbone of the State has been disrupieti and divided. 
The Nayar community has begun to pause to take st<K*k of the situation. 
From the social point of view, matriarchy cannot be regarde<l as inferior to 
patriarchy. The two regulations of early civilization, matriarchy and 
.exogamy, have nothing about them that is fantastic, outrageous or 
absurd, but are the practical outcome of the practical purposes of jieopls 
like-minded with ourselves. 

12. Distribution of palaoolitiuc cultureH in India. 

1>. Sen, Calcuttii. 

Palaeolithic core-tools, flake and blade tools occur extoniuvoly in 
different parts of India. Of these, the blade imlustries, however, are not so 
well knowTa as the core and fiake industries. It seems to the author that 
the vast number of knxjwn and newly discovered palaeolithic sites in India 
may be fruitfully grouped on a regional basis. An attempt has been made 
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in thifi paper by the author to mark out a number of characteristic 
palaeolithic culture regions of India. If the local sequences, both typologic 
and stratigraphic, of the cultures in ec^ch of these regions be workM out in 
some details and the results correlated, a more or less complete picture of 
the sequences and movements o( the palaeolithic ciilture history of India 
may be reconstructed. 

13. Baradeo of the Gond. 

(Miss) Duboa N. Bhagvat, Bombay. 

The paper discusses the nature, function and origin of this prominent 
Gond god. 

Though he is the chief god of the Gond, as the prevalent religious 
practices and legends of his origin reveal, he is also worshipped outside the 
Central Provinces, And by other tribes than Gond, The god thus is known 
by many names and the ritual also varies from tribe to tribe and the place 
t<> place. As for example, the sacrificial victim of the god is the cow 
according to indigenous Gond tradition, and other tribes offer him a white 
goat or a pig or even a fowl. The implications of worship also are 
different. 

Conclumon: The various legends of Baradeo and his cult point out 
that (1) the human origin of the god is probable, (2) his real victim is the 
cow, and (3) he is connected with the cult of the dead. 


14. Godamuri : A fertility cult of North Kerala. 

M. D, Raohavan, Madras. 

A ritual play of tVio character of a fertility cult is the folk play popularly 
known as ‘Godaranri', prevailing in certain parts of North Kerala. The 
players are Malayans, the professional ‘devil -dancers’ of the district. 
The central figure is a boy in a girl’s make-up, enclosed in a framework of 
the spathe of the areca palm, modelled in the shape of a cow. A number 
of men wearing grotesque masks and a drummer accompanyii^ form the 
rest of this frolicsome company. The play as now performed is d^ribed 
in this paper with extracts from the folk-song accompanying the 
performance. 


15. Vedan and Adi Padal. 

M. D. Raghavan, Madras. 

Vedan and Adi Padal are quaint ceremonials of a commuiml and folk 
char<M:ter, whose hoiise -to -house visits enliven the dark listle^ days 
of the very wet month of Karkitakam ( Jxme-July) in parts of North Kerala. 
The ceremonials are of an invocatory character, invoking divine blesfflngs 
on the household. The paper gives an account of the custom and of the 
associat€>d folk-songs. 


16. Mesolithic industn' at Sawyerpurara in the Tinnevelly 
district of Southern India. 

A. Aiyappan, Madras. 

Foote collected a rsraaU aerieB of chert and quartz from the 

rod sand dunes of Sawyerpuram and expressed then the hope that 

W scS would be fruitf J of results. The author r^ently 
a , . artifacts from the Sawyerpuram tens which shows 

thSte al Snievelop^uTper paleolitWc industry 

Tim industry contains a very high percentage of quartz ^ 

collection also includes special types of borers, an extremely tme oner* 
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arrow-head, a chert sew, aod fine lunates of limpid qtiartos* The Saw3rer. 
puram artifacts are smaller in size than the typologioally ^esolithic 
tools of the Nellore area included in the Manley ooTlection. Though 
greater use has been made at the former locality of chert and quartz, the 
two localities bear ample evidence of oonpnon lithio traditions. 

17. Anthropology and human genetics. 

P. G. Shah, Bombay. 

The study of AnthrOTology in India has made rapid strides and the 
progress recorded by Dr. B. S. Guha in the Indian Science Congress Jubilee 
Volume 1938 shows a variety and depth which would do credit to any 
other country in the world. Social and cultural €uithropolog>^ hiis 
naturally loomed large in the field and the study of social institutions, 
arts, crsifts, games, folklore and religion has attracted a large number of 
workers. Physical anthropology has also claimed a fair attention of the 
research workers but little energy and thought seem to have been devoted 
to the problems of racial biology, of human genetics, of relation between 
physique €ind nutrition. Little do we know of the conditions of growth 
and normal stature of varioxis types and groups of people that inhabit 
this ancient and vast land. There is no adequate data available as to the 
normal build of Indians in various parts of the coimtry, and there is no 
reliable evidence to indicate whether we in India are advancing towards 
becoming an Aj nation or downgrading to a ^yp®* 

Small beginnings have been alreakiy nuvde and studies by Dr. S. L. 
Bhatia of ihe lung capacities of students in Bombay, and of the vital 
capacities of students in Bengal by A. N, Chatterjee and of the vibil 
cap^itiee of the Malayalee, Tamil and Telugu women in South India are 
all important beginnings. The work done at the Nutritional Research 
Institute at Ck>onoor by MacCarrison and his brilliant successor Aykroyd 
has opened a new field covering the relations between physique and diet, 
between diet and cap^ity for work and between diet and Buscjejitibility 
to disease. It bids fair to excellent results as it has opened the eyes of 
the intelligent public to the defects resulting from malnutrition. 

18. An enqiiirv among the famine influx {K>piilation of Calcutta. 

J. K. Bose, Calcutta. 

Hundreds of families came to Calcutta from neighbouring distnets 
for want of food <iuriiig the montlis of July, August ai^ Soptomlwr. An 
investigation among one hundred families was made near aboiit the 
Ballygunge Station within the jurisdiction of tJie Calcutta Municipality. 
Most of these people came from 24-Parganas. Some of them have lost 
their houses arid other belongings due to flood. They may be classifled 
into three groups, viz. landless laV>ourers, floating population of the 
village, and cultivators. In the course of movement they have lost their 
relatives and children from disease and for want of proper nourishment. 


19. The Kumbham ceremony of the KurichiyaB of Wynaad. 

A. Aiyappan, Madras. 

For tlio annual tera festival in some of the temples of Wynaad each 
Kurichiya joint family makes an offering of palm mine stored in one of 
the middle intemodes of a long green l>amboo pole. Tlie rituals connected 
with this offering are briefly described in this paper. (10 mm. cinemato- 
graphic films taken of the cf^remonial will mso be shown). The paper 
attempts to show how^ the unsympathetic administration of excise mgula- 
tions has handicapped the religious and e<*onomic life of the Kuriehiyas. 
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20. Some aspects of crime culture in the U.P. 

* D. N. Majttmdab, Lucknow. 

There are over 1,400,000 men, women and children in the United 
ProvinoeB fidone who are tied to crime from birth and by profeBaion, 
these belonging to all religions, particularly Hindus and Mahomedans, 
the former contributing the major proportion of the criminal tribes in 
northern India. There are no leas than 60 tribes who live a life of crime 
and are tmder police surveillance as required by the Crixninal Tribes 
Act. In one year (1938), property worth Rs.30 lakhs was stolen by them 
in the U.P. Tlier© were 34,000 cases of burglary and 3,400 cases of 
cattle lifting in that yecw alone, committed by members of these tribes. 
They liave also the largest representation in the jail population of the 
Province ; 40,000 members of the tribes are registered criminals in the 
U.P. ; 21% of the inmates of the Benares State prisons come from the 
criminal tribes. A brief review of the various aspects of crime culture, 
crime insurance and crime control is given in the paper. 

21, Santal migrations. 

K. P. Chattopadhyay, Calcutta. 

The writer discusses the evidence of traditions as collected by 
Dalton, Bodding and by himself. The theories of Skrefsrud. Waddell 
and others are criticised. Relying on the geographical evidence, the 
author points out that the Santals probably came from the ELaimur 
range, through the Chanma Pass and other neighbouring Passes into the 
Ghotanagpur plateau, before their dispersal further east. 
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Bacteriology 

1. Bacterial standards for ice-cream. 

K. V. Krishnan, S. C. Ghosax, and R. Banerjhb:, Calcutta. 

Within the last twelve months a few hundred samples of ice-cream, 
collected from various sources in and around Calcutta, have beeii examined 
bacteriologically. The interpretation of the results obtained lead to the 
necessity for prescribing standards. At present there are no standards 
for ice-cream in this coimtry and no laws proliibiting the sale of ice-cream 
of bad quality. The standards recommended by advanced countries like 
U.8.A. and Great Britain are regarded as too rigid and unattainable even 
by the best manufacturing firms. On the liasis of the experience gained, 
the authors feel that the following standards would be suitable for Inditi. 

Class A . . No coliform in less than 0-1 c.c. 

Total count not more than 100,000 per c.c. 

Class B . . No coliform in less than 0*01 c.c. 

Total coimt not more than 200,000 per c.c. 

Both can be passed for consumption, but those falling below Class B 
^ould be prevent^ from being sold. Tliis is particularly important in a 
country like India where intestinal diseases are widely prevalent and the 
control of these is a major responsibility of the Public Health Departments. 

2. Fate of Vi antigen of Boot, typhoavs in natural water. 

S. C. Ghosal, Calcutta. 

It is well known that Vi antigen in Boc/. typhosus rapidly disapf>etirs 
when grown in artificial medium unless special precautions are taken. 
Tlie fate of this antigen is not known when the organism gets on to water, 
sewage, etc., in the environment. An attempt was made to elucidate this 
point. Therefore freshly isolated strains of pure V form and F- W forms of 
Bad. typhosus were added to difrerent types of water and isolated from 
these e^ter varying intervals of time and tested serologically. It W'as 
found that Vi form did not disseminate but V-W form showed variation 
as was to be expcxited, 

3. Method of determining the temperature inside auto(5laves 

during sterilization. 

K. V. Kbishkan, S. C. Ghosal and E. K. Nabayanan, Calcutta, 

When a large volume of material is being sterilized, as in blood 
banks, one has to make sure that the sterilization is efrected perfectly. 
In the course of our routine work it was foimd that the pressure-gauges 
of autoclaves do not always indicate the inside temperature accurately. 
The actual t^perature prevailing inside the different articles in an 
autoclave during sterilization was determined in a number of instances, in 
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difEerent ways. Among the methods tried the use of thermocouples gave 
the best results. Description of the method of using these is given. The- 
nature of vtkriation in temperature inside autoclaves is discussed. 

4. Types of C. diphtheriae prevalent in Calcutta. 

S. C. Ghosal, Calcutta. 

Since 1935 a few hundreds of throat swabs of diphtheria patients have 
been examined. The type of organism isolated has been determined and 
an attempt made to correlate the severity of the case with the type isolated. 
It has been found tliat gravis and irUermedicUe types are relatively few in 
Calcutta and that the predominating type is mitia. The mitis type found 
in Calcutta causes slightly more severe disease than the mUia type in 
England. 

6, Vogea Proskauer test. 

Calcutta. 

In the Voges Proskauer test prolonged incubation at 37*^0. of the 
organism for more than two days in glucose phosphate medium is liable to 
make a positive result into a negative one. A short period of incubation 
in this medium for 24 hours is quite sufficient if the Barrit’s method of 
testing is employed. 

Even under optimum oonditions the original V.P. test is never so 
satisfactory as Barrit’s test. If one wants to do V.P. or Borrit^s test 
after the usual tliree days’ incubation instead of after one day’s incubation 
then glucose peptone of pH 8 should be used in place of glucose phosphate 
medium. 

6. Cholera ei)ideniie in Biliar caused by the ‘Ogawa’ type of 

F. cholerae. 

S. K. Chatterjeb: and S. Ahmad, Patna. 

It is generally believed that wide-spread epidemics of cholera are 
caused by the ‘Inaba’ strains of F. cholerae and that the ‘Ogawa’ strains 
are associated with sporadic cases and mild outbreaks. Venkatraman wd 
Pandit have shown that severe epidemics of cholera in South India were 
caused by * Ogawa ’ strains. The paper shows that widespread epidemic of 
cholera could bo caused by ‘Ogawa’ strains, but in tliis series the death 
rate in the epidemic was low. Choleraphage has been in extensivje use in 
the province for a pretty long time. There is no sufficient data to conclude 
that tiie classical vibrios have undergone modification due to pliage action, 
but it is suggested that it may be so. 

7. Treatment of cholera by atebrin. 

G. Panja, Calcutta. 

Atebrin in a high dilution was found bacteriostatic and bactericidal to 
F. ehohrae in vitro. The drug was tried by mouth, one tablet every 
15 to 30 ininut€M3 until % to 0 doses, in 20 cases of cholera and results wrere 
found very encouraging. Only one course of treatment wras generally 
necessary and the drug was well tolerated and retained. The number 
and amount of stdines necessary for injoction were much less than in the 
control series. General oondition as a rule improved fairly rapidly and 
free flow of urine was quickly established. The duration of the disease 
in all cases varied from 6 to 14 hours before atebrin was given but all cases 
recovered excepting one in a child of only one ye^’s age. Although the 
mtients "Were cured, st&U. they wore passing live \ibrios in the stool from 
^y to day as in the control series. The virulence and roughness of such 
vibrios were not tested. 
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!Eight oases of cholera were tried with quinaormo (M. h B) but 
results were not so encouraging as with atebrin. 

It is hoped that if further trials of atebrin are given in eally oases of 
cholera, saline injection may not be necessary at all. 

8. An advanced case of Johne’s disease in a Bellary ewe. 

S. V. Mudaliab, Madras. 

Records of the incidence of Johne’s disease in sheep have been very 
few compared with that of cattle. An advanced case of the disease was 
diagnosed in an ewe at the Livestock Research Station, Hosur, which did 
not react to the J ohnin and Avian tuberculin tests. This animal was losing 
ilesh €md weight and developed a ^ttfiSness and oedema tmder the lower jaw 
which was prominent in the evening and disappeared the following morn- 
ing. The animal had no diarrhoea and examination of faeces showed 
Johne’s bacilli in large numbers. She was destroyed and the ]Mst-niortem 
lesions were quite characteristic of the disease. The lesions in the intestines 
particularly in the ileum, c^^iecum and colon were very marked, similar to 
the condition in bovines and a record of this in sheep is made for the first 
time now, since the findings of the previous authors were distinctly 
against this. A photograph of this lesion together with inflamed 
mesenteric glands and microphotographs of sections of the ileum and 
mesenteric lymphatic glands are included. 

9. A pathogenic organism isolated from sUx)\ of a case of hill 

diarrhoea. 

G. Panja, Calcutta. 

The organism was isolated on my new D.E.C. medium on two 
successive days. It is a non-motile lactose -nonfermenter, produces acid 
and gas in dextrose, mannitol and maltose and bears no antigenic relation- 
ship with the dysentery bacilli excepting a little with Y and another gas- 
producing organiam isolated locally from an acute bacillary dysentery case. 
It is highly toxic to rabbits and mice. A mild form of diarrhoea was 
reproduced by feeding 4 volunteers with large doses of the organism and the 
organism was recovered from their stools. 

10. A simple test for differentiating Anthrax bac'ilJus from 
siibtilis group of liacilli. 

(J, Calcutta. 

If Bacillus arUhracis is grown in nutrient broth or peptone water for 
IS — 20 hours and a solution (I in 5,000) of brilliant green (Qrubler Sc Co.) 
in distilled water is added so os to render the culture fluid green-coloured 
and then the culture is incubated at 37 ®C. the green colour persists and 
all the organiama are killed in 1 to 2 hours, Meml>ers of the subtilis group 
(including B, aubtilis, B. my co ides, etc.) similarly treated are not killed, 
not only in an hour but also sometimes for days. Moreover, the green 
<*olour is partly or completely discharged in a few hours or the next day. 
•Persistence! of the original greem colour Is always seen in the case of anthrax 
bacilli. A more precise test can be done by growing the organisms in 
9 c.c. of nutrient broth or peptone water of pH 7-0 and adding to it, 1 c.c. 
of 1/5000 dilution of the dye in sterile distilled water so as to make the 
final dilution 1 in 50,000. Spores of anthrax baeUli alone are also killed 
by the dye within 24 hours. It is interest!^ to note that a mixture of 
anthrax bacilli and the dye injected into a guinea-pig is either non-letbusl to 
the animal or delays its d^th. -Similarly if the dye is injectcKl locally after 
a lethal dose, life of the animal is prolonged. 

Injection of the dye is suggested tn oases of malignant pustule in and 
around the lesion. 
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11. Aetiology of ulcus tropicum. 

G. Panja, Calcutta, 

rpu' ^ epidemic of ulcus tropicpm (Naga sore) is reported in Calcutta. 
1 his IS the hrst tune that cases of Naga sore are met with in the city, 
fusiform bacilli are always associated with the lesion. In some cases, 
fusiform bacilli only have been found in abunthmce and no other organisms 
were seen by culture and smear examination. These bacUli have been 
successfully cultured on blood agar slopes in an anaerobic condition set up 
by pyrogallic acid and caustic potash. By intradermal or subcutaneous 
injection of the bacilli alone, no typical sore with presence of fusiform 
bacdi in smears has been reproduced. But when pus-showing fusiform 
bacilli alone is injected or applied to an ordinary ulcer, typical sore is 
often reproduced. Phe fusiform bacillus is an extremely delicate organism 
and failure to reproduce sores with pure cultures of the organism is 
probably due to tne non -production of requisite O-R potential or some 
other factor. No virus has been demonstrated in the sores; filtrate of pus 
is'harmless and no immunity has been found. 

Avitaminosis does not appear to play an essential part in the causation 
of the disease. 


1 2. The inhibition of other bacteria by Pseiidornonas pyocyaneus. 
C. O. Karitnakakan and C. Gopalan Naib, Trivandrum. 

In blood cultures received from cases of typhoid fever the presence of 
Pseudomonas pyocyaneus was found to inhibit the growth of Bacterium 
typhosum and interfere with its isolation in a pure form. An investigation 
was tliorefore carried out to find out the fEwdors responsible for this 
inhibition and in addition to Bficterium typhosum. Bacterium coli and 
Stapkylococem aureus w^ere also included in the experiments. 

If Bacieriutn typhosum y Bacterium coli and Staphylococcus aureus 
w^ere allowed to grow in broth cultures together with Pseudomonas 
pyocyaneus, Bficterium typhosum and Bacterium coli gradually died out 
in the course of one to two weeks, while Staphylococcus arueus ceased to 
live for half of tlmt time. The date of disappearance of these organisms 
depended in general on the intensity of pigment production. If pigment 
|:>ro<iuction wivs poor, the organisms continued to live as in ordinary broth 
cultures. 

While the presence of Bacterium typhosum, could be demonstrated by 
sub-cultures in l>roth and by sugar tests, the chances of isolation in a pure 
culture by [>latiiig out on agar or on a differential medium like the Mac 
CVmkey agar appeared to be very meagre, even in the case of 24 -hour old 
(•ultiirt^H. 

The Bacteria-free filtrates of five-day old broth culture of Pseudomonas 
pyooyaneus^ if adde<l to nutrient broth in concentrations of over 20%, had 
a tle<ud€Kl inhibitory action on the growth of these organisms. The degree 
of inhibition tlefxmded upon the concentration of the filtrate in the cultiue. 
Not only growth sti>pped but the turbidity produced by the initial 
growtli disappeared, suggesting lytic action. Pyocyemin-free filtrate* 
had Almost the eame effect cm Bacterium typhosum, but the other 
organiems continued te Uve for longer periods. 

Oryetallme pyocyanin obtained from a five-day old culture had no 
inhibitory aetkw wiim added to broiii in the concentration in which it 
cKM^urred in the cultures which appeared to inhibit growth. But very high 
mmcMtoiticm the pure pigniOiit had a lethal effect. 

The inhibitory actidB of Pseudomonas pyooyanous on the organisms 
tested has been proved. While the pigment has a decided lethal action, 
it appCMurs'that some other product resulting from the growth of Pseudo- 
monas pyocyaneus also plays a r61e in this and that factor, probably 
imtymes pyooyanase, has a lytic action on other bacteria. It appears 
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that both the pigment and this factor have a ooraplementary ac^tion and 
that the production of the pigment and that of the lytic <?txzyme are 
closely associated. 

Transplants on agar slopes of blood cultures mi^t show^ such 
intense pigmentation when Pse^idomotids pyocyaneu^ occurs in association 
with Bacterium iyphosum that the presence of the latter may be over- 
looked tinlesa sugar test be done. Isolation from plate cultures will 
also be difficult because not less than 90% of the siiigle colonies picked up 
might prove to be either pure pyocyaneus or its mixture with Bacterium 
typhosum. The difficulty of isolating other organisms in pine cultures 
on plating might be due to the Pfteuiiomonaa pyocyaneus sticking to these 
organisms by the glutinous product of its growd-h. 

13. Cystine hydrochloride broth for black- quarter vaccine. 

V. R. Rajagopalan, Mukt^swar. 

Cysteine hydrochloride can be used for anat^robiosis for the grow^th 
of C?. cJiauvoei for the routine maniif*Kdtiro of bla<*k -quarter viK*cine. 
The medium is made up by adding 1 % j)eptone, 0 5%, sodium chloride and 
0*05% cysteine hydrocliloride to meat extract, which is then adjusted to 
a plEL of 6*0 to 6*4 and sterihaed at 1 20°C. for lialf an hour. The medium 
should be seeded on the same day as soon as it has cooled dowTi to l>ody 
temperature. The inoculum should be 0*5 to 1 % of an 1 H- 24 hour culture 
in the same medium or in meat mcKlium. 

It has been showTi tVu^t an anaculture made from two days’ growth is 
as good as one made from fourteen days’ growth. Filtrates obtained from 
anaculture of CL chuuvoei has no prot€H>tive proix*rties. There is an 
indication that a combined oliauvoei-septique aniwMiltiire may bo a better 
immimizing agent the immunity established is then both miti -bacterial 
and anti-toxic. 


Serology 

14. Biological testing of transfusion material. 

K. V. Kbishnan, B. MrKKRJi and N. K. Dctt, Calutitrii. 

A methoii of testing biologically serum and plasm** pnxressed in 
blood banks has been elaborated. Cats weighing 2*5 to 3*5 kilos are used 
as experimental animals. They are brought to a state of haemorrliagic 
shock and then transfumd with the material to be tf^ted. lieaetions, if 
any, are note<l as well as changes in blood pressim^. On the basis of the 
results obtained tlie quality of the product is classifieii as 1 , 2 or 3, Onl>' 
1 and 2 are recommended for use in humans. From the exixirience gaineci 
from over 200 experiments, it ap[>ear8 tliat the test is useful ni>b oiily for 
determining the quality but also for improving the technique of preparation 

, 15- Hydrolyzed jiroteirrs an transfusioji iiii^terial. 

K. V. KkishnaaN and K. K. Narayanak, CaUqitta, 

In the treatment of hypoproteinaemia intravenous transbision of a 
mixture of amino acids and |>eptide8 prcKlticod by the hydrolysis of protems 
has been found efficacious. If the mixture contains the etiaeniial amino 
acififl in prof>er proportion an<l if sufficient carl>ohydrates are also provided 
to supply the caloritic need of the bwiy, the whole of the transfused 
nitrogen apf>ears to l>e built up into serum proteins within a few hmmi. 
Enzymic hydrf>lysate« of biologicalJy complete proteins as well as aeid 
hydrolysat^ with supplements of tryptophane and cystine are satis- 
factory. 1 h© hydrolysis has to b€5 conducted as near to the amino adtidl 

9B 
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0tag6 as possible and the preparation tested immunologically to ensure 
freedom m>m anaphylactic properties. Such a preparation has been 
produced and the trials so far conducted both in animala and in man 
(in starvation cases) have given encouraging results. This preparation 
appears to have a pronounced effect on cases of oedema due to starvation 
— the oedema disappearing in most cases within 24 to 48 hours. 

16, Albumin as transfusion material. 

K. V. Kkishnan, E. K. Nabayanan and J. C. Gufta, 

Calcutta. 

In many war mjuries, mich as» shock, bums and haemorrhage, the 
immediate concern is the maintenance of blood volume and blood pressure 
of the individual . These can be achieved by the transfusion of solutions of 
(1) crystalloids like saline and glucose-saline, or (2) colloids like whole 
blood, plasma, serum, purified proteins (preferably of the same species 
or of others giving as little irrmumological response as possible) or vegetable 
colloids such as gums and pectins. In the case of crystalloids and to a 
lesm^r extent, vegetable colloids, the transfused fluid is not retained in 
the circulation but escapes into regions of greater osmotic tension outside 
the circulation, viz. the tissues or get out via the kidneys, and the effect 
^ereforo is transient. But if protein solutions are transfhsed, ©specially 
in high concentration sufficient to withstand the colloidal osmotic pull 
from the tissues or preferably to overcome and reverse the direction of the 
flow of fluid, the effect would be marvellous and lasting. Purified albumin, 
unlike any other substance till now known, lias the unique advantage of 
being capable of administration in very high concentrations. It can be 
given as a 25% solution and every gram of the protein injected will be 
capable of drawing 15 c.c. of fluid from the tissues into the circulation. 
Blood vohuii© and blood pressure will thus be quickly brought to normal 
iUid it is on account of this that albumin therapy is now being attempted. 

A few samples of human albumin were prepared and tried on cats in 
ii state of exi^erimental haemorrhagic shock. The results were encouraging. 
It would be worth while preparing albumin on mass scale for use in human 
cases, both from human and animal sources. The results of ©xj>erim©nt8 
HO far done are presented. 

17. Chemical method of obtaining dry blood proteins for. trans- 

fusion purposes. 

K, V. Ktiishnan and E. K. Narayanan, Calcutta. 

A& an alternative to the physical methods of obta in in g serum proteins 
in dry form for transfusion purposes some chemical methods were developed 
by making use of an observation of Hardy and Gardiner (1910) that the 
temperature cioefficient of denaturation of proteins by alcohol or acetone 
is of the order of 600 per lO^C. This method, for which the name 
Hardy izat ion' has now* been given, consists in adding serum atO*C. to a • 
large volume of alcohol or acetone kept at — lO^C. The precipitated blood 
proteins are separatecl suitably at a temperature below — 5°C. and washed 
twice again with fresh cold alcohol or acetone emd then with ether till no 
more alcohol or acetone can be detected. The ether-moist protein is 
rapidly dried in a current of dry air and then in a vacuum desiccator. 
The product is a peeurl white powder easily soluble in cold water or normal 
saline. Experiments with sheep’s blood proteins early in 1942, showed 
that the process did not denature the proteins. Transfusion of the pro- 
duct to a sheep was unattended by reactions. There was also no formation 
of precipitins as a result of the injection. Reports since received fiwm 
Australia sliow that similar work is being done on a large scale and claims 
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ai^ being mskde that "Hardyized* serum protein is free from certain phar- 
macological peculiarities met witli in liquid serum and phyeically dried 
serum proteins. Dry proteins of human serum have also given s^itisfao- 
tory results in our hands. 

18. Blood studies in protein deficiency. 

Nabain Das Kehar and V, V. S. Morthi, Izatnagar. 

In view of the deficiency of protein commonly met with in livestock 
in India and the lack of information on the clinical manifestation of this 
deficiency in the blood of domestic animals for diagnostic purposes, a 
systematic study was undertaken to see how the different blood com- 
ponents were affected when cattle were maintained on a low nitrogen 
ration for a considerably long period as compared mth those on normtU 
ration . 

it iias been observed that protein deficiency in cattle afi‘€>ct« total 
white blood cells, cell volume, blood sugar, haemoglobin, total cholesterol, 
total prot ein, Euglobulin, total globulin and total non-protein nitrogen. 


19. Factors wliieh vitiate blood group detonnination. 

C. O, Karitnakakan and C. Gopalan Naib, Trivandrum. 

The teolmique of blood grouping adopted by the authors is a com- 
bination of the macroscopic test advocated by Taylor and the micros^^opic 
test commonly employed in blood grouping work. 

Qualitativ’e and quantitative differences which might occiu* from the 
use of defective sera and the nof^essity of using strong undiluted «om in 
apparently negative cases to detixjt w’'eak reactions are pointed out. 

Although it is generally believed that weak reactors might be A ’a, 
it appears likely tliat some weak B’s also might be missed if the antisoruni 
used is not potent enough. 

The unaccountable character of many reported blood group distribu- 
tions and the accidents which liave followe<i after blood transfusions from 
apparently well- matched donors might be due to the use of defwttive 
typing sera or faulty teclmique in tvqiing. 

The necessity of standardization of tests for more comparable results 
is stressed. 

20. Blood groups of communities in Travancore. 

C. O. Karunakaran and C, Gopaean Naib, Trivandrum. 

Blood group distribution of l,Hb5 persons taken at random has i>een 
determined and discmssed in a community -iccjr Imais aiul compurf^i with 
group distribution of communities in other parts of India, 

The t<?<ihniqu© folloM^ed is briefly deecrii)ed. 

The two major Hindu communities, Nairs and Ezliavas show littl «3 
significant variation in group distribution. Bzhavas, however, show a 
slight pre<iominance of O over the other. 

The distribution of groups is much the same as tliat of Hindus in 
Madras. 

The Christians have a higher proportion of B’s than Nalns and Kzhavas, 
and a lower proportion of A’s. 

I’he grou[) distribution of Mohammcdiuis show the highest projKirtion 
of B’s, and the lowest proiK>rtion of AB’s, being very similar to their 
coreligionists of Madras in this respect. 

In view' of the B<x!ial restrictions among the Hindu it will to mom 
useful, if in grouping them, information is coilocted on a cominunal basis. 
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21. Interfering organic substances in routine precipitin tests. 

C. O. KABitrKAKABAK and (Miss) Vioty Vedakkan, Trivandrum. 

1. Non-Specific reactions in medioo-legal precipitin tests although 
small in number are of great significance in some cases. 

2. The articles associated with stains which give non-specific reaction 
have been studied. 

3. The leaves and woods of most of the common trees contain the 
non-specific factor. Although the saline extracts are generally acid they 
may also be neutral. Change of reaction does not affect its non-specific 
precipitating power. 

4. The prskctice of betel chewing and the use of knives for cutting 
lirecanut and other tannin -containing articles is perhaps responsible 
for the non-specific reaction occasionally shown by blood stain on clothes, 
eeurth and kmves. 

5. Some methods by which the non-specific factor can be removed 
without affecting the protein contents of the extract will be helpful in the 
investigation of these cases. 

22. Precijutin test in the determination of the food preferences 

of mosquitoes. 

C. O. Karuna KARAN and M. A. U. Menon, Trivandrum. 

1 . Mosquitoes reared and fed on man in the laboratory, and 
maintained at room temperature (82® to 87 ®F.) were test€Ml at intervals to 
find out the period during which evidence of blood could be detected. 

2. The mosquito bloofl meal was extracted with 1 c.c. of saline and 
3 c.c, of saline and a potent diagnostic serum was used for tests, undiluted. 

3. The weight of an average meal of blood of Stegomyia ViUattts 
has been estinxated. 

4. Blood stains on filter paper, diluted to 1- 1,000 was found to 
react with diagnostic sera like a serum dilution of about lialf the antigenic 
strength. 

5. Mosquitoes collected witliin inhabited houses were tested using 
1 c.c. twid 3 c.c. of saline for extracting the blood meal, against pure anti- 
serimi and antiserum dilutions made with the diluting fluid recommended 
by Kice and Barber (1939), 

0, The chances of detection of positives are considerably reduced 
by diluting the blood meal with 3 c.c. of saline and also by diluting the 
anti-serum. Altlioiigh the average weight of blood meal in » freshly 
engorged mosquito might indicate that dilution with 1 c.c. saline will give 
too high a concentration of the antigen to be considered specific, in practice 
this dilution does not appear to be unsafe for Uvse while in most cases 
dilution with 3 c.c. will reduce the antigenic concentration to such a degree 
that positives are likely to be missed especially if diluted antiserum bo 
used for the test. 

Dilution of serum with saline failed to give satisfactory results. 

23. The tyj^hoid vsCccine (T.A.B.) in the control of enteric fever.* 
C. O. Kartjkakarak and P. K. Sankara Pileai, Trivandrum. 

Enteric fever is one of the major public health problems of Travanoore, 
as in most other parts of India. Till sanitary conditions are radically 
improved the main hope of control lies in extensive mass immimization 
with T.A.B. But the reaction caused by the vaccine stands against its 
general use. 

Experiments were carried out by the authors to find out if the 
reaction can be reduced; (i) by purifying the bacterial cells, (ii) by allowing 
the vaccine to age, and (iii) by altering the dosage. 



136 Proc, 31st I,S.C. : Part III : Abstracts. (ft) 

InjeotionB were given to adults who never had enteric fever before 
and had not been inoculated with T.A.B. and the agghitinin content of the 
blood estimated before and after immunization. ^ 

It was foimd that purification of bacterial cells did not materially 
alter the reaction. Aging within the Unfits of the e^eiiment (2-“5 months) 
also produced no significant difference. But three inoculations with 
0*1 e.c., 0*5 c.c. and 0*75 c.c. markedly reduced the reaction and caused 
liigher rise in agglutinins. 

Since the reaction following 0* 1 c.c. is almost negligible^ the tragedy 
of an aggravated attack^ should the usual initial dose of 0*5 c.c, be injected 
in the incubation period, may be totally eliminated by this altered doeHS^;e. 

Although all oases ^owed varying degrees of local and constitutional 
reaction the proportion of oases in w*hich it was marked enough to keep 
the subject confined to bed for 24-48 hours was very small (2 in 34). 

A Ifigh proportion of the subjects showed natural agglutinins to one 
or more of the organisms concerned, the level of agglutinins in soma 
l>eing significantly high. The agglutinin response following injections 
was more striking in cases having natural agglutinins. One of the subjects 
showed little agglutinin rise aft.©r two injections and even after a third 
dose the r68}K>nse was poor. 


Protozoology 

24. Studies on surra. II. Two autopsies. A horse and a dojc: 

dying of exiierimental infection with Trypanonoma 
evansi. 

H. N. Ray, Mukteswar, and H. K. Lall, Lahore. 

Tlie post-mortem findings on the carcases of a horse and a dog are 
recorded in the poper. These animals fin.iccumbed to the exjwimental 
infection with Trypanosoma evansi. Hawking and Greenfield are of 
opinion that in acute cases of Trypanosoma rlwdesisnse (sleeping sickncws) 
in man, the \d8ceral lesions are much more harmful to the patient than 
those of nervous tissues. While we are ineline<l to confirm this view, we 
would like to raise the fjuestion as to whether the carbohydrate imbalance 
lias any dirtMitt effect in the causation of such lesions. A study m exienso 
of the endocrine glands of cases of surra appears warranted, tow’'ards the 
elucidation of factors concerned with carbohydrate metabolisni. 

25. Studies on Surra. III. The problem of detecting surra in 

equines and bovines. 

H. N. Ray and S. N. Sapee, Mukteswar. 

Observations on the use of complement fixation tost and nitric acid 
for detecting trypanosomiasis in equines and bovines liave been roftorded. 
Dete<dion of * carriers’ during the off -surra season lias been emphasizcHl. 
Since them reactions are only group reactions it is suggested that in order 
to eliminate T. theUeri infection in bo\ine« cultuml and biological tests 
should be resorted to. 

26. Studies on fowl malaria {Plasmodium gaUinaceum), 

B. C. Basu, Izatnagar, 

This is a highly fatal disease in fowls as observed in the experiniental 
birds, only a few survive the infection. No relapse has ooeurred in the 
recovered birds. Birds once recovered from this inf^tion liave been 
^tind to develop solid immunity against further infection with this diitease. 
Taking oiiv^antage of this observation, a method of prophylaxis against 
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this disease has been worked out by infecting the birds with the parasites 
(P. gaUmaceum) of the disease and afterwards treating them with usual 
antimalariaA drugs. Pure as well as cross-breeds of fowls (White leghorn ; 
Rhode Island Red; Coimtry; cross between WTiite leghorn and country; 
cross between Rhode Island Red and country, and cross between White 
leghorn and Rhode Island Red) have been found to be susceptible to this 
infection. Arthropod transmission of the disease is under investigation. 

27. Further studies on the role of protozoa in activated sludge. 

S. C. PlLLAi and V. Stjbbahmanyak, Bangalore. 

The r61e of Epistylia sp. in the flocculation sewage colloids, in the 
oxidation changes and in the conservation of nitrogen in activated sludge 
has already been reported. 

Further studies have shown that the protozoa actually flourisVi in 
presence of large quantities of fresh faecal and other organic matter. 
Given sufficient supply of air, they digest and otherwise facilitate the 
oxidation of organic matter. 

Insufficient supply of air inhibits the growth and active functioning of 
the protozoa; insufficient supply of fresh organic matter (as represented 
by raw sewage) and excessive supply of air is also unfavourable to them. 
In the former case, the protozoa get killed and the sludge gets filled with 
gas, HO that the phenomenon of bulking is often observed. In the latter 
case, the protozoan cells begin to disinte^ate and a black, burnt condition 
is observed. The black colour is due to an oxidase present in the protozoa. 

The problem of dewatering activated sludge is closely linked with the 
physical condition <^f the protozoan colls which are slimy and hold large 
quantities of water. 

28. A note on Ae^yptianella pulloi'urn infection in fowls in India. 

B. C. Basu, Izatnagar. 

Studies were made on AegyptianeUa puUorum — a condition regarded 
as a disease entity in fowls, a ^rain of these parasites having been isolated 
from a fowl under experimentation in the Pathology and Bacteriology 
Section of the Imperial Veterinary Research Institute, Mukteswar in July 
1940. The condition could be produced in healthy fowls by blood inocula- 
tion. Spleen, kidney, liver, lungs, brain and bone marrow also show the 
organisms during the acute pha^fe, when they are seen in red blood cor- 
puscles. This is neither a fatal nor an important disease. It has already 
been reported from Africa, eastern border of Mediterranean and Russia. 
In 1941, a few blood smears of fowls suspected to be suflering from 
Spirochaetosis were received from the V.I.O., Baroda. The slides showed 
no spirochaetes but contained bodies indistinguishable from AegyptianeUa 
puUorum, The question therefore arises as to whether these bodies 
represent the so-called ‘Balfour granules, ’ the existence of which as a stage 
in the development of Spirochaka anserina was denied by the writer and 
his collaborators (1932). This question is imder study. 


Malariology 

29. Malaria control at Izatnagar by antimosquito measures. 

B. C. Basu, Izatnagar. 

At Izatnagar (District Bareilly, U.P.) in four adjoining colonies (area 
about 3 sq. miles), namely, Imperial Veterinary Research Ristitute, 
O. €«id T. Railways, Central Jcul and Indian Wood Products Co., attempts 
were made to control mosquito-breeding by weekly application of ‘Paris 
green' and ‘Malariol’ in breeding pieces at diflerent seasons of the year. 
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Mosquito nuisance has been considerably reduced* Pyrethrum -Kerosene 
mixture is sprayed once a week during malaria season in the quarters 
occupied by coolies and by inferior servants for killing adult mosquitoes 
and in other quarters as required* This is the second year of this work 
which has led to a considerable reduction of the cases of malaria in these 
four areas. ‘ 

30. Some epidemiological features of malaria transmitted by 
Anopheles jlmnatilis James. 

D. K. ViswANATHAN, Bombay* 

^4. flumatilis trcmsmits malaria along the Western Ghats^ — Thana to 
Cape Comorin; Deccan and Mysore Plateau; the Eastern Ghats. 

Very efficient vector; predominantly house rester by day; favours 
particular houses and particular comers. Enters hoiiscjs for feeding soon 
ah)er dark; is well -feci before mid -night. Prineifially antbropophilic. 

Breeding-grounds : Rice-field cliannels; streams; terraced ravines; 
fallow rice-fiqlds with seepage; Kutcha field wells. Grass-grown margins 
specially favoured. Channels in forests witli dense cover often frc^. 

Season: With high rainfall and imdulant country, December to May, 
if perennial stream nearby; if not, October to January. With low rainfall 
August to November. 

Parasites: Falciparum, vivoic and malariae prevalent; last more 
common than elsewhere. 

Population: Greatly decimated due to excess of deaths over births 
and of emmigration; check on cultivation due to unhealthiness and 
depradation by wild animals. Smaller-siaed villages rapidly depopulated. 

Vulnerability to control: Sparsity and house-resting habits favourable 
for spray killing. Anthropophilism and liigh carrying capacity unfavour- 
able. iSpecific breeding grounds and their proximity to human haVutations 
render anti -larval specues sanitation feasible but extreme scattering of 
houses require large area to be tackled. Concentration of housing, siting 
and large-scale colonization would render control easy and economical and 
facilitate tapping the rich natural resources of the ftuHaiilia, 


31. Indigenous drugs in the treatment of malaria. 

C. O. Kakunakaran am/ M. A. U. Menox, Trivandrum, 

An investigation hats l)een carrie<l out into the efficacy of indigenous 
drugs in the treatment of malaria with a twin purpo««% (i) to find out if 
there was any indigcrioiis drug which cioiild efffxdively replace quinine, 
and (ii) if there was none, to correct the mistaken impression croaiod 
among the public by the followers of the indigenous Bystems that they 
had u8<"ful antimalarial drugs. A prize of Rs. 1,000 w^as ofTerod by the 
Travancore McnUcal Asma iation for a drug wdiicVi satisfio^i the conditious: 
(a) it shoxdd be non-toxic, (6) it mu.st destroy parasites and (mrtj clinical 
signs wdtbin clays, (c) it should not contain qviinine, atebrin and 
plasmoquiii, {d) it should be cheaper tlian ejuinine. Tlie offesr was throw'll 
open also to the followers of the homoopithic s 3 ^stem. The investigation 
begun in 1935 under the auspices of the Travancore Metiical Association 
has rec*ently been taken uf> b\ the Research lit^part-ment of the Travanct^re 
University. 

Fifteen drugs, including tincture of Dita bark {AhUmia pcolaris) 
lias been trie<l in <*aB*5S, treatment being conducted in gome caaes under 
the dire<;t su|>ervision of the physicians who were supplying the mcxlicine, 

Fh^'sicians of long standing and good repute did not acM^ept lis malaria, 
cases in wdiich the S|>leen w^as enlarged enough to be readiljj^ felt, considering 
such cases as some sidenic dis<mse, but not midaria, and had to be given 
eases in wdiich splenic onlargoinont wm not pronounctHl. 
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A few of the drugs offered for trial, but not tried, contained small 
amounts of quinine. Some contained arsenic. Some, which were free 
from inor^nic poisons, contained organic poisons which were dangerous 
cardiac depressants. 

No drug had parasiticidal action. 

Temporary clmical improvement wiiich occurred in stray cases cordd 
easily be explained on the basis of natural improvement which occurs in 
some cewaes. 

The geniiine notion entertained by some physicians about the anti- 
malarial potency of their preparations appears to be either the result 
of mistaken diagnosis of cases treated as malaria or due to the acceptance 
of temporary improvement of clinical manifestations as euro. Careful 
examination of blood before and after treatment will be helpful in correct- 
ing this error; but it appears that the practitioners of indigenous systems 
attach little significance to the presence of parasites in the blood. 


Plagfue 

32. Rats of Calcutta city: investigated from a point of view of 
epidemiology of plague. 

S. Raghavendke Rao, Hyderabad (Deccan).' 

A rat survey of Calcutta city was carried out during the periods 
January 1936 to September 1936 and October 1938 to Deciember 1938. 
Altogether 3,961 rodents were examined and of these 557 (9*1%) belonged 
to the species Rattus rattus, 848 (13-9%) to Rattus nort^egicus, 1,164 
(19‘(>%) to Qtatomys 'varius, 1,1.59 (19*0%) to Mils muscvlus and the 
rest, 218 (3-9%), to other species. These results have been compared 
with those obtained in 1906-07 by Hossack, who carried out a similar 
survey during the period when plague was prevalent in an epidemic form 
in Calcutta city. Resistance to plague infection of these different local 
species of rats has been estimated by standardized methods and this has 
been discussed in relationship to the long and short term periodicity of 
plague. Rattus norrvgicus was found to be the most resistant and 
Qunornys varies to be highly susceptible to plague infection. Opinion 
has been expressed that the establishment of symbiosis between the 
organism, Past, pestis, and its host (prevalent species of the rodents) 
is responsible for the ultimate disappearance of plague in an epidemic 
form from any place, where all other tronditiona are still suitabFe for the 
prevalence of the diseaso. 


33. Plague in the coastal tOAvns of Travancore. 

C. O. Karunakakan and M. A. U. Mekon, Trivandrum. 

Plague is not endemic in Travancore. Two regions wdiich are 
topographically and climatically different from each other have been 
subject to sporadic outbreaks of plague. These are the highland area 
in the north-east adjoining the Cumbum valley and the coastal area in 
the west. An investigation has been made into the epidemiology of the 
outbreaks which have so far occurred in the coastal towns of Alleppey 
and Quilon. 

The main conclusions are: — 

(i) Plague is not endemic in the coastal area of Travancore, 

(ii) In all epidemics the source of infection has been Mattanoherry 

(Cochin State) with which the coastal towns are in constant 
oommeroial intercourse. 
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(iii) Tl\e predominant species of rat in the affected towns is RaUus 

rattus (white -bellied variety). 

(iv) The chief species of rat-flee^ prevalent are Xenopsp&a oheopis, 

X. hrazUisnsis and X, cistia. 

(v) X. mtia is the indigenous flfa, being prevalent in bazaar as 

well as the residential premises of the towns in considerable 
numbers. 

(vi) X. cheopia and X, braziliensia occur only in the bazaar areas 
and their concentration is highest in grain godowns. This 
indicates that these two species are not mdigenous to tliis 
country but is constantly being introdiice<i here through 
imported grain. 

(vti) X. cheopia and X, hrazUiensis exhibit a marked tendency to 
persist in the zones which they have affectted but very 
little to spread to other parts. Tins may either be due to 
restricted rat movement or the unfavourable conditions 
prevailing in the other parts of the towns. 

(%uii) The foci of epizootics cmd epidemics have been mostly the 
cheopis infeste<l zones or their immediate vicinity. 

(ix) There is no striking seasonal ductaation in cheopia index; 
but rtatiu an<i brazilienaia indices tend to inc^roase during the 
n^iny season (June to Nov©ml>er). 

The high humidity which prevails throughout the yt^ar in the 
sea board is favourable to plague transmission. Meteoro- 
logical conditions become most favourable during the rainy 
season when the m<^an temperature is comparativ’-ely low 
(85®F.) and the relative hximidity high (often over 80%). 

(xi) A most interesting feature of the coastal epidemics is the 
paucity of human attacks. The scarcity and restricted 
distribution of X. cheopis appears to b(' the main reason for 
this. 

(xii) Tlie limited distribution of X. cheopis is indeed tulvantageovis 
in so far as iinti -plague measures are concerned. It is 
possible to ward off plague by concentrating the measures, 
wliether tc'inponvry or permanent, on the cheopis infeste<l 


Helmintholofiry 

34. Immature foniis of CcAylophoron cotylophorum, <‘auHin^ 
fatal enteritiH in goat». 

S. V. MtTDAiilAB, Madras. 

An outbreak of arnphistomiiisis in goats f^aiiscKl by immature forms of 
arnpliistomes, identified to be Cotylophoron cMytopkorum^ w^as met with in 
tlie Madras ‘ Pin jarapole \ Out of a herd of 4(1 goats, 19 succiimbcMl to 
the disease. ITie symptoms included general weakness, suspended fe*?dmg, 
iiepression^ oedema of subcutancMius tissues, <liarrhoc»a, severe anaemia 
and death within five or nix <ia 3 ^ 8 . Diagnosis was very difficult during the 
fife of the animal. A post-mortfim examination oh one of the carcfM»es 
revealed intense enteritis with ocflemaious thickening of the diaxleniim 
and pyloric end of the abomasum and both these areas w'ere studded over 
with immature amphistomes. An examination of the drinking -wat^r 
source which was uscxl by tho«^ goats revealed the presence of the fresh- 
water wnail, Indoplanorbis cjcustus, among others. This Ifkioplam/rbis 
exuatus was found to discharge Cermriue Indicas XXVI, Sewell, 1922, and 
it is just possible that these are the larval fonns of the immature flitkes 
met with. Further work on the determination of the cmjarial fauna 
of the locality liad to be postponed to a more propitious season, since 
the snails wore dying off due to the tank getting dry. 
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SB, Some observations on the life-history of Vctrestrongylus 
ppeumonicua (Bhalerao, 1932). 

G. T). Bhalebao and B. N. Kapoob, Izatnagar. 

Attempts were first made to determine whether the life-history is 
direct. Cultures of eggs and the first-stage larvae were kept in various 
media for 80 days but these larvae failed to tmdergo any further change 
of structure. Tliese observations led to the conclusion that some inter- 
mediate host must be intercjdated in the life-cycle of this worm. The 
commonest land mollusc Macrochlamya caaaida. and the slug Gwasia sp. 
at Mukteswar were exposed to the infection of the first-stage larvae. 
These reached the infective stage in the mantle of the land mollusc in 
24 hours, the slug being refractory to the ravages of the larvae. Compared 
with the first -stage larvae, the infective larvae were more active, had a 
well -developed oesophagus, oesophageal bulb with a trident, a well- 
developed intestine and an anus. The buccal capsule was wider and the 
tail was simple: the tail appendage of the first-stage larva having dis- 
appeared altogether. Tlie molluscs thus infected were fed to kids and 
the results of this part of the experiment are awaited. 


36. Some remarks on the identity of immature amphistomes 
causing diarrhoea in domestic animals in India. 

G. D. Bhalerao, Izatnagar, 

The condition kno^m as immature amphistomiasis oecius throughout 
tlie whole of India. It affects goats, sheep and also cattle and invariably 
proves fatal. The question of the identity of the parasite or parasites 
causing this condition does not, however, appear U> have been yet sattl^. 
Some attribute it to the immature forms of Paraniphislornum cervi, while 
others do so to those of the species Colylophoron cotylophorum. The 
writer has been interested in this problem for the last twelve years and 
had an opportunity to examine specimens collected in the United Provinces, 
Sind, Bihar, Assam and Madras. As a result of this study it has been 
found that diilerent species of the genus Cotylophoroii may cause this 
condition in different localities in this country. So far five species of this 
■genus have been recorded from India. 


37. A study of the life-history of Dicrocoelium dendriticum — ^the 
small liver-fluke of Indian ruminants. 

H. D. Srivaktava, Izatnagar. 

There are three species of liver-flukes infecting ruminants in India. 
Two of these belong to the genus Fasciola — F . gigantica^ and F , hepati^— 
and the third is a small liver-fluke, Diavococlvutn drCHdriti^utn^ parasitic in 
the bile ducts of sheep, goats, cattle and buffaloes. 

The geographical distribution of Dicrocoelium dendriticum is restricted 
to the hilly tracts and the infection with this parasite is usually very 
heavy. Work on the liTe-history of this worm was commenced by me at 
Mukteswar in 1935 and, but for a few details, was completed by 1937. 
In the life-cycles of most digenetic trematodes an aquatic snail serv^ as 
the first intermediate host. The eggs hatch and the miracidia are free- 
swimming. The cercariae are also usually free-swimining and either 
encyst on vegetation or in or on intermediate host or penetrate into the 
intermediate or the final host. In the case of this small liver-fluke, how- 
ever, it has been found that the eggs, with fully developed mimcidia m 
them, hatch only after they have been ix^e^d by the intermediate host. 
Fully developed miracidia remain viable inside the eggs for weeks without 
hatching, "nxe intermediate snail is a land-snail which is fairly common 
in most of the hilly tracts, specially during and after rains. The cercaria 
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is also not free-swimming. The ceroariae are discharged from the pul- 
monary chamber of the intermediate host in multiple cysts containing 
leurge numbers of them entangled in masses of mucus which* the snail 
leaves behind as it glides along. Rumincmts acquire infection by the 
ingestion of these multiple cysts deposited on vegetation. 

38. A study of the life-history of Paramphisiomnm explanatum 

of bovines in India. 

H. D. Srivastava, Izatnagar. 

This trematode occurs in the bile ducts of cattle and buffaloes. Often 
the infestation is very heavy \idth the result that the bile ducts are literally 
choked. The walls of the duets become thickly studded with pro- 
minent cylindrical papillae which are the setda of attachment of the 
amphistomes. The life cycle of this imrasite has been elucidated and it 
has been experimentally established that Indoplanorhia exuatiis serves as 
the interme^ate host. Further work is in progress to find out if some 
other species of freshwater snails can also act as intermediate hosts in 
the life -cycle of this parasite. 

39. A stud\" of the life-histor\^ of GaMrothylax crumenifer of 

Indian ruminants. 

H. 1). Srivastava, Izatnagar. 

Qastrothylax cruni^^nifer is the commonest amphistome, parasitic in 
the i^ult stage in the rumen of sheeji, goats, cs^ttic and buffaloes m Northern 
India. In heavy infections several thousand specimens of this womi may 
be present in a single host. In a series of preliminary oxf>eriinontfl it has 
been found out that Indopktnorhi^ exitslm acts as the interraeiiiate host 
in the life-cycle of this parasite* Laboratory -mise<l, cloan specumens of 
some other specucjs of aquatic smtils have been subjtvt-od to infection with 
miracidia obtainc^d from the incubated eggs of identified worms to find out 
if more than one species of snail can serve as the iniermediiit^? host. After 
the full details of the life-cycle of this partisite have lj 4 >on worktwl out, 
mvestigation.s into the f.«ithogenirity, trciiitment and control of this 
tremat^e will be imdertaken. 

40. The intennediate Itost of Fasciola hepatica in India, 

H. 1>. Srhaktava, Izatnagar. 

As a result of i>reliminary experiii»ents it has been fount! that two 
species of Limnaea — L, acuviimita and L, lnUoki vm\ serve as the int-er- 
me<iiat€» hosts of this liver-fluke of rumiiuints in India. T^fcboratory- 
raised and parasite-frc^cj spochnwns of th€?«e sjkmuch of Bnails were infectett 
with miracidia obtained from incuhatetl eggs of ith*ntiliod spertimens of tiiis 
parasite. 8iibser|ijent examinations of tht?«c snails rovt^file<l the presence 
in them of tiio different larval stagcjs, iiudutlitig cercariae, of this [:Hini8itc. 


II. A new intermediat<' host of FascioUi giganiica of Indian 
ruminants. 

H* D* 8kiva8Tava, Izatnagar. 

This is the (commonest liver-fliike infecting ruminants throughout 
tJie country* It has been experimentally ff>und tlmt, IxMtides Limnam 
(u/uminata, L. luteola can #w:‘t sm the mtermecliate host of tlu« parmiito. 

study of the inor|>holpgy an<l anatomy of the larval stages 
oi xa«ciola mputica and F , gigs^ntiisa lias aI»o been ma4ia» 
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42, A strongyle nematode infecting the liver of Indian cattle* 

H. D, Srivastava, Izatnagar. 

Apart from the larvae of pertain roundworma, which pass through 
the liver during their wanderings in the bodies of their hosts and then 
leave quickly for their seat of j)rediloction, no adult strongyle nematode 
has been known to occur in the liver of bovines* In tJiis paper is de- 
scribed an interesting strong>de nematode which has been found to occur, 
in the adult stage, in the liver of hill bulls at Mukteswar. The worms are 
very small and slender and the infection is rare and light. This is the first 
lecord in literature of the (H currence of an adult strongyle worm in the 
liver of bo vines. 


Nutrition 

43. Animal hn8l>ahdry in relation to war. 

M. R. Mahajan, Ajmer, 

In this paper attention is drawn to the very great importance animal 
husbandry is playing in the war. All recent researches on the subject 
liave been yoked to effect the increased production of animal products 
all over the world to meet the demand for highly nutritive and essential 
food factors, such as milk and eggs, etc., and to better equip the men in the 
front lines with goods manufactured from such raw products as wool, 
hides and skins. India’s economy and the prosperity of its countryside 
which is based on cattle, are receiving due share of importance in the 
increase of production and exploitation to the full of its wealth of live- 
stock, 

44. The vitamin A potency of some green fodders. 

K. C. Sen, Izatnagar. 

The bio-assay of the vitamifi A potency of several green fodder plants 
has been mad© and it has been found that the amount of carotene deter- 
mined by the alkali digestion method agrees well with the amoimt 
<i©t©rmin©d biologically using j9-carotene as the standard. 

45. Deficiency diseases in a famine area in Travancore. 

C. O* Karunakaban, Trivandrum. 

1. An investigation was carried out into a localized famine which 
ocemred among the coir workers of Travancore in 1940 and 1941, The 
famine resulted from vmemployment and not from food shortage. 

2. A diet survey of the afiected group and families of the same strata", 
but not affected by the famine, showed that normally their diet was qualita- 
tively and quantitatively insufficient and that the famine had but ‘pulled 
the trigger’, 

3. Increased morbidity and mortality from oede!ma was its chief 

manifestation. Anaemia of varying grades was general among the 
affected population. Vitamin A defieieofey' and ar few deffoiency of 

vitamin B complex were seen, Tliere were no eas^ attributable to 
the deficiency of vitamin or C. Glossitis was absent among children 
who bad fish twice or thrice a week, but was noticed among the v^etarian 
group. 

4. Gross cases of anaemia showed hyperinfestation with hookworm. 
Malnutrition was also associated with an increased infestation by ecto- 
parasites, cliiefly, Sarcoptes acaheii, 

5. Famine oedema found more ameiiable to treatment when 
protein-rich foods like eggs and milk were giyan together with vitamin A. 
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6. Shark liver oil was more beneficial and more easily tolerated by 

ohildrra than the red palm oil; and green gram was more helpful than an 
equal quantity of probably due to its increased protein content* 

7. In centres ^mere the normal diet is insufficient, particularly in 
protein, one of the chief manifestations of fhmine might be oedema due to 
protein deficiency. 

46. Influence of milk powder on fluorine intoxication in rats. 

S. C. PiLLAi, E. Raj AGOP ALAN and N. N. I)e, Bangalore. 

In view of the general observation that the incidence and severity 
of fluorine intoxication has a definite relation to the nutritional status of 
the commxinities, a series of experiments was carried out with yoimg 
albino rats in order to study the gross effects of certain types of diets, 
whether any one or more of them could eliminate the symptoms of fiuorosis. 
The animiils, when fed on an adequate diet with liberal supplements of 
whole milk powder (1 to 2 grams of ‘ Klim ’ per day) along with water con- 
taining sodium fiuoride (10 parts per hundred thousand, us(»d both for 
mixing the diet and for dnnking),*did not develop any perceptible symptom 
of fiuorosis, excepting mottled enamel which was noticeable after some 
days. The animals were quite healthy and the X-ray picture of their 
bone system was practk^ally identical with that of animals receiving no 
fiuoride. On the other hand, animals receiving a predominantly starchy 
diet with supplements of egg or fish powder (1-2 grams of fresli <^g, about 
25% of this weight represents the dry weight of egg usetl or I to 2 grains 
of bone-free fish powder prepared from a local vwiety of fish "Karva^) 
quickly developed all the symptoms of fi\iorosia including the mottlecl 
condition. The animals developcKl stiffeneti and (jramp^ limbs with 
occasional bleiedtng of the nose in two to three weeks, and some die«l 
shortly afterwards. Addition of bone powder (f> 6 gram per rat per clay) 
to the diets of the rats sufieriog from fluorines intoxication, however, 
brought about considerable improvement in their general condition and 
growth. ^ 

Comparative analyses of tlie diets employed ahowcnl that both the 
whole milk and the bone meal diets provided at legist six times the amount 
of both calcium and pliosphonis as the others. The iv8Sociate<l proteins 
may also have l>een of use. 

The above ol>ser\'ations, U>ough essentially of a preliminary 
character, servo to sliow that though mottled enamel is not onlinarily 
preventable, fiuorosis of the bone can be controlled through provision of 
diets naturally rich in combined csalciitm and possibly j[)hosj>norus. The 
practical method of control and cure of the flisrsase m man and farm 
animals are still awaiting sr^lution, but to be within easy reac^h, 

47, Disappearanc e of tlie mottled condition of the t4Eieth in rata 
on changing over to fluoride-free water. 


• S, C. PiLLAi, R. Rajaoofalan and N. N. Dk, Bangalore. 

In a previous conmumication (Filial, Ind. Me^i. f/oz., 1942, 77, 
Ih) it was reported tliat in the case of mts the symptoms of mottled 
enamel disapj:>eared almost completely on changing over to fluortde-lkee 
water. With a view to studying this reversible type of mottled enim^ 
in rats, further systematic experiments were carried out- In the earlier 
Btudm natural water containing fluoride (4-5 p.p.m.) was used for the 
ex|>€?rimentai albino rats; in the present experiments distilled water oon^ 
taming 10 parts per million of sodimn fiuoride was employed. As the 
symptoms of imittled enamel rievelo|>ed in the expenmental aninmls 
(after a month), they wore changed over to fiiioride<-firee water* and 
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observations on them were made. While considen^bto iinprovement of 
the mottled condition due to the change of water wevs observed by the 
end of a month, the symptoms disappeared almost completely by the end 
of twp months . The exact mechanism of the disappearance of the mottled 
symptoms under these conditions is being investigated. 


48. A diet survey of families in Trivandrum. 

C. 0. Karunakaban and R. Mukukdan, Trivandrum. 


A diet survey of 145 families in the city of Travandrum (Travancore), 
belonging to different economic groups, was carried out in January and 
February, 1941, and a third of these families was resurveyed six months 
later. At the time of the first survey there was little food scarcity. The 
second survey was done when prices had begim to rise. 

The proximate principles and calorie value of the diets as well as 
average intake of milt and milk -products, leafy vegetables and fruits have 
been estimated. 

It is found that the diets of families with a monthly income of Rs.20 
and under were qualitatively and quantitatively insufficient. Families 
with a monthly income of Rs.20 to 50 had a diet which was on the border- 
land of sufficiency and with larger incomes the diets were better. 

The intake of leafy vegetables was poor in all the groups. 

In the groups with a minimiun monthly income of Rs.lOO, the intake 
of milk and milk -products were found satisfactory. It was found to fall 
with the fall in income and in the case of the lower groups it was 


negligible. . . . i. .• r n 

The resurvey showed that owing to the rise in prices the diets ot all 

the groups had deteriorated. 


40, Tapioca — a study of local varieties. 

R. Mukunban, Trivandrum, 

Tapioca (Manihot utUissima) is one of the most important food crops 
of Travancore, being cultivated on more than six lakhs of acres. Normally 
the food of the poor and the fodder for cattle, the war has shown its gr^t 
possibilities as a rich source of starch for industrial purpose. Scientific 
outlook or consideration has not, so far, been brought to bear upon its 
cultivation and the very ease with which it can be grown Jias been 
responsible for this indifference. Its value as a cheap food and a cheap 
source of starch having been proved by the war, a study of the com- 
position of the chief varieties grown in this State and possible changes 
during the period of maturity wa.s imdertaken . The following conclusions 
are indicated: — 

(1) Edible portion is almost the same in all varieties studied, 

amounting to 85% of the total weight. 

(2) The total c Arbohydrate content does not show significant 

variation. But the starch content as estimated by mechan- 
ical moans varies in different varieties and it appears carbo- 
hydrates other than starch are responsible for this variation. 

(3) Fat content is almost constant, amounting to 0*5% on the dry 

basis, in all the varieties examined. 

(4) The protein and mineral contents vary with different varieties. 

(5) The starch content increases with the time of growth and the 

maximum content is observ’^ed between the eighth and 
twelfth months. After that period the starch content 
decreases and there is increase in the fibre con^nt. 

(6) The main defect of tapioca as a staple food is its protein 

deficiency. 
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50, Investigatiofts on famine rations. 

Nakain Das Kehar, Tzatnagar. 

In order to explore new sources of roughage to allow animals to tide 
over the famme periods, attempts made to utilize mature Typha 

IcUifoUa Bdgent as the only source of fodder. Feeding experiments 
conducted, over a period of about live montlis unlicatecl that Typha 
lat>^olia Edgent supplemontefl witli molasBes could inaintain animais in 
good health. 

Texioology 

51 . Toxicity of Datura Stramonium to livestock. 

Narain Das Kehar and Govinda Rao, Izatnagar. 

Studies were undertaken on the toxicity of Daiura Stramonium to 
farm animals. It has bf^eri observed that (1) the hill variety is poorer 
in it© alkaloidal content than the plains variety, (2) that none of the 
two has proved to be lethal in jts effects even after a prolonged period of 
feeding. 


52. Volatile fatty acids in toxicology. 

C. O. Kariinakaran and K. K. Narayana Pibi..Ai, Trivandrum. 

Fonnic and acetic acids have figured in the toxicology of Travancore 
in a remarkable maimer during the last eight years. Prior to 1 93fl there 
were no cases of poisoning due to tliese aoicis, but since then 71 cimios 
have occurred out of a total of 428 eases in wliich poiBf>n was dotoct«Hi. 
Formic acid does not appeal’ to hai^e found a place in toxicology else* 
where in India, while ac^etic acid has l>eeu mentioned only onv.e in a fle<‘i=Hlo 
by the Chemical Examiner to the Government of 

The regional incidence of thase cases shows their cdose asstxiiattoii 
'With tlie rubber industry, in particular with the distributioxi of the smalt 
rubber holder.^ whose store room is a part of the house they live in. The 
©oarcity of the acids resulting from the outbreak of the war hixs reduced 
the incidence of poisoning considerably. 

In 77% of cases the acids were swallowed for suicide, 18% were 
accidental. There were no instance© of their tia© for homicide btit in 
three case© death followed d©Jil>emt© use for relief of stomach pain. 

Death might occur within a hours or within 14 days after 
swallowing. Wiile 2 ounces of the conc€3!Utrate<l acid ha© boon found 
generally fatal, in a few^ cams of ac^ctic a(*id |K>isoning that dose did not 
cause death. All formic acid cases were fatal. 

Tlie signs and symptoms are those of irritant poisoning and |K>st- 
mortam appearances show death from asphyxia. 

The technique adopted by the author© for the qualitative^ and quantita* 
tiv© estimation of the acids is descrd>ed. 


63. Studies on sulpliaiiilbenzamide, 

A. N. Bose and J. K, Ghosh, (Calcutta, 

Brownlee and Tonkin (Naturf., 1941, Aug. 9, p, 167) have nhown 
that sulplianilbenxamkle is not much absorlied from the gut of the r«d>bit©* 
It is Ixsing found by us that it© absorption in mice, m studied by the blood 
concentration, is fairly high, a dose of 0*26 mgm./gm. giving a exmoentmtiou 
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of 24-2 mgm. of mtoonjugated drug per 100 c.c. of blood within one hour. 
No oonju^tion was noticed within this period* The toxicity of the 
compounci^is also found to be low, a dose 2 gm./kg. injected intra* 
peritoneally being well tolerated. In rabbits, of course, the blood 
concentration does not reetoh such^high level as in mice. 


Miscellaneous 

64. T-wave abnormalities. 

K. R. Dobaiswami, Madras. 

Mechanism of a normal T. Increased amplitude of T — physiologic 
effect of exercise. Decreased amplitude particularly in Lead II as the 
result of drugs like Digitalis, Quinidine and Morphine; acute infections, 
anaemia, hypothyroidism and functional impairment of the myocardium 
from any cause can also produce this effect. 

Notching of the T may occur in hyperthyroidism, during Digitalis 
medication or in congenital heart disease. 

Digitalis T: Spoon-shaped inversion of T with no iso-electric 8 -T 
interval. 

Hypertension produces inverted which is shouldered. T 3 is 
upright and tall and has the reverse appearance of T^. Coronary 
occhision: Immediately after the accident Pardee’s T is characteristic. 
This gradually becomes inverted and becomes ‘cover-shaped’. Q waves 
sometimes assist in locating the infarct. 

T-wave changes occur in acute rheumatic fever. 

In mitral stenosis, inversion is chiefly due to over -digitalization. 

Flattening or depression of S-Tjg ^2 ^l &2 coronary 

sclerosis. 

Angina pectoris occasionally produces inversions in Leads I and II. 

Myxoedema: Iso -electric or inverted T in all leads are present. 

Acute pericarditis; Inversion of T in all leads and also in the chest 
lead. 

Recent investigations show diminished amplitude of T in high altitude 
flights as the result of anoxia. 

Conclusions; T-wave changes represent some factor aflecting the 
myocardium and lend support to the theory that anoxia of the myocardium 
is a contributing factor. 


66. Dusts — ^their composition and significance. 

K. N. Bagohi and Ananda Bhattachabji, Calcutta. 

‘Dust is the greatest single industrial hazard.’ More people are 
incapacitated for duty because of exposure to dust than for cmy other 
cause. 

Dusts normally present in the atmosphere are scanty and harmless, 
but those of industrial* origin cause immense harm to the workers and to 
the population in general. They vary in size from 0*5 to 160 ft. Those 
within the range of 0*6 and 10 ft are readily inhaled and absorbed into the 
system. 

Dusts are classifled by Sayers as toxic, Irritaut, flbrosis -producing, 
allergic, bacterial and harmless. The siliceous dusts from quarries, mines 
€uid some other industries, where iron and steel are used as raw materials, 
produce what is called Silicosis or ‘miner’s phthisis’. Similarly chronic 
lead and arsenic poisoning may be produced. 

The dust is, therefore, a curse of industrialization, or, m other words, 
of civilization. The study of dust forms the basis of Industrial Hygiene— 

10 
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m applied scienoe lately developed to protect and improve the health of 
industrial workers. The soientists who are now busy in planning post** 
war industrial expansion in India should note tliat rapid industrialization 
without developing at the same time organizations for studying Industrial 
Hygicme is likely to bring unlimited misery to the workers*. Such organiasa- 
tiona are handled best tlirough governmental agency. 

The following table shows the composition of Calcutta dusts (fine 
dusts from ceilings and tops of book-slielves, cupboards^ etc.). The 
figures compared ^th those of Leeds indicate appalling baekwarclness of 
Calcutta. 


The figures indicate percentage^ 



1 

Calcutta (1943). j 

Lkkds (1937). 

Central. 

East. 

Residential. 

Resi- 

dential. 

Indus* 

trial. 

South. 

North. 

Moisture 

2-3 

3-6 

3*8 

3 7 



Soot, tar and 







other organic 







matters 

20- 1 

26-5 

23-2 

24-7 


. . 

Silica (silica). . 

62-0 

49*0 

56-0 

46-8 


. . 

Iron (Fej08) . . 

11*9 

9-2 

5-1 

8-4 

. , 


Aluminium 







(AlgOa) • . 

0-2 

trace 

trace 

trace 


. . 

Zinc (ZnO) 

1-5 

0-2 

nil 

trace 



Calcium (CaO) 

9-6 

IM 

8-0 

15-0 

;; 1 


Copper (Cu) . . 

nil 

nil 

nil 

nil 

nil 1 

0-041 

Lead (Pb) 

0 0006 

0-0017 

0*00176 

0-0041 

0-172 1 

0 302 

Arsenic (As^Og) 

0-0020 

0-0006 

0-0006 

0-0014 

0-038 1 


Sulphur (SO 4 ) 

i 14 

. . 

. , 

0-86 

1 

! 

. , 

Ammonia (KH 3 ) 

1 017 

. . 


0-06 



Cliiorides (os Cl) 

0-16 

1 

- • 

0-16 

i 



56. Sea8onal variation in erimes, 

C. O. Karukakakak and K. K. Naha yak a Pillai, Trivandrum, 

The seasonal distribution of the c^ses of homicide, cul]:>ab!e homicide 
not amounting to murder luid sexual offence inv€!(stigate<i nie<lico4egally by 
the authors during the last eleven years has been ^iidied. 

The seasonal variation in temf>erature and humidity has been cal- 
*ctilated. * 

It is found that there is some correlation between the Ineidmce of 
crime and rise in tem|>emture. No such correlation is fotmd with reference 
to humidity. 

The period of the year with the maximum temperature is, relatively, 
the period of plenty ; and so economic fa<!tors do not appear to be responsible 
for this difference in the distribution of crimes. 

The seasonal variation in temperature is not more than 6*, but the 
hottest i>art of the ycsar is the most oppressive period. It may be mterest'- 
mg if similar studi^ are carried out wnere seasonal variations in tempera- 
ture are more pronoimced. 

lOB 
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67. Medical science in ancient Hindustan. 

• R, K. PiLLAY, Nagerooil (South India). 

This pape^ deals with the evolution of the Hindu system of mj^cine* 
It was in existence from the Vedic age» the originators being Funikrvasu 
and Atreya. In the Buddhist age the great Universities of Kasi, Takshasila 
and Nalanda taught medicine. From Charaka’s time this science took 
proper shape. Its development in its various branches — ^Medicine, 
Surgery, Physiology and Anatomy, Midwifery, Bacteriology, Dentistry, 
Public HoeJth and Sanitation, Vaccination, School Medical Inspection, 
Nursing, Toxicology, Pule, etc. — ^is dealt with and eminent authorities 
quoted in support. Apart from these, the ancient Hindu doctors carried 
on medical research on a large scale, holding conferences and discussions 
for the advancement of the science. 
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President : — Rao Bahadub I). V. Bal, M.So. (Ag.), Ph;.D., 
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SoUa— Physics and Physical Chemistry 

1. Relation between the size of exchangeable ions and the 

permeability of soils to water.* 

M. R. Nayak and K. P. Shdkla, Lucknow. 

In a recent communication {Cvrrent Science, 1943, Vol. 12, p. 206) 
on the influence of the size of exchangeable alkali and alkaline earth cations 
on the percolation of water in soils saturated with these ions, it was 
pointed out that the rate of percolation of water foliowcxl the order 
of increasing ionic radius, viz. : 

Li<Na<NH4^<K<Iib, 
and Mg<Ca<Sr<Ba. 

These studies have been extended to other di* and tri-valent cations. 
The above conclusion holds good for analogous metallic ions. The rate 
of percolation follows the order : 

Zn<Cd<Hg, 

Ni<C!o<Fe'^+, 
and AI<Cr<Fe+ ++. 

With analogous ions the rate of percolation (P) and the crystal 
lattice radius of the ion (r ) ore related by the empirical relation 

A, fi being constants. 

2. Sodium carbonate method of lining canal beds with a view 

to minimizing seepage of WT^ter. Part V.^ 

M. R. Nayak mid K. P. Shitki.^, Lucknow. 

In previous communications (Proc. Ind. Sc, 19119-43) the 

results of laboratory experiments on the lining of canal l>CNtis with sodium 
soils were reported. In the last of these papers the possibility of 
utilizing as a lining material the naturally or^ctirring sodium soil locally 
known as Usar was discussed. The project has now l>een put into practice 
in a portion of a small canal. 

A 6-furlong portion of the canal free from outlets was «ele<‘ted for the 
experiment. The lower half was lined while the upper half was kept 
as control. On© foot of earth was taken out both from the sides and 
the l>ed of the canal, an inch layer of Usar soil (selfKrted after analysis) 
was spread and rammed in, and the dug-out earth replaced. The control 
portion was treatexi exactly similarly with the difference that it did not 
contain the lining material. 


♦ Carried out under the auspices of the Irrigation Department, 
Research Section, U. P. Government. 
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Losses due to seepage were measured simultaneously in both parts 
of the ean§rl by two methods: (i) the V-notch method when the canal 
was ‘nmning*, and (ii) the compartment method when the canal was 
closed.^ Both methods indicated a reduction of 70 to 80% in seepage 
losses in the lined portion. • 

Observations are to be continued. 


3. Studies on the physicochemical and mineralogical pro* 
perties of some Indian red and lateritic soils. 

S. P. Rayohaudhtjki and Abul Hossain Miah, Dacca. 

The mechanical compositions, base combining capacities and buffer 
curves of profile samples of red soils collected from several parts of Bengal 
and Southern India have been excunined. The mineralogical compositions 
of the fine sand fractions and the chemical compositions of the clay 
fractions have also been determined. From general morphological con- 
siderations, the soils of Bogra, Jaydebpore, Pasumalai, Midnapore and 
Bankura appear as red loam, whilst the soils of Tellichery and Bangalore 
appear as lateritic. From the point of view of the chemical compositions 
of clay fractions, none of the soils examined can be classed as laterites. 
Most of the soils should be classed as red loam (Si 02 /Al 203 of clay frac- 
tion >2-00). Soils of Bogra, Midnapore, Jaydebpore, Pasumalai and 
Bankura are found to be fairly rich in many minerals. On the basis of the 
variations of buffer capacities of the profile samples, the soils of Jaydebpore, 
Bankura, Midnapore and Bogra appear to be similar. From the vcuriations 
of the cataphoretic speeds of clay particles with different concentrations 
of sodium chloride solutions, it appears that the soils of Bogra, Bangalore 
and Pasumalai are similar, whilst the soils of Midnapore, Jaydebpore, 
Tellichery and Bankura form another group. 


4. A study of the chemically combined water or the water of 
constitution of soils with special reference to the soils of 
C.P. and Berar. 


R. H. JosHi and D. G. Dakshindas, Nagpur. 


Mechanical analysis of soils of the province and edso of those from 
various other provinces does not indicate any relationship between the 
chemically ( 5 ombined water and the mechcmical composition of soils. The 
chemically combined water, although mostly present in the clay fraction, 
is also seen in an appreciable amoimt in the silt and sand fractions. 

The chemically combined water bears a linear relationship with the 
R 2 O 3 and also with Fe 203 , as determined from HCl extract, both in the 
case of soils and clays. It appears, therefore, that the water combines 
only with iron and aluminium parts of the rock material and turns them 
into hydrated iron and aluminium silicates. In the case of laterites and * 
lateritic soils there appears to be dehydration taking place dtiring laterizaJ^* 


tion. As the combined water percentage and the 


SiOo 


ratio vary within 


AI2O3 

the very narrow limits of 3 to 4 and 7 to 9 respectively, the climatic 
conditions prevalent in the province appear to be responsible for the fonxia- 
tion of similar types of clays.* The colour of the soils tends to vary with 


* The base exchange capacity of soils does not properly indicate a 
relationship with the combined water, although generally the base exchange 
capacity is high with soils having a high percentage of combined water. 
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the amount of combined watcur, the higher the percentage of combined 
water the deeper is the colour. 


5, Identification of kaolinite ip clays by electrochemical 
methods,* 

R. P, Mitra and T, D. Biswas, Calcutta. 

Hydrogen clays prepared from the entire clay fractions of a Belgaon 
laterite and a red earth from Coimbatore and also from three subfractions 
isolated from the red earth by controlled centrifugalizetion of its entire 
clay fraction behave as dibasic aedds judged from the nature of their 
potentiometric titration cur\'’e with NaOH. The first inflexion in the 
titration cur\’^e ocnnirs between pH 6*5 and 8*0 and the second between 
pH 8*0 and 9*0, The ratio of the base oxohajig© cax>acitie8 at the two 
inficxion points is nearly 2*0. Similar ehx^t^o^^hemical features are shown 
by hydrogen kaolinites prejmred from two pure spec^imens of the mineral 
and this similarity points to the presence of kaolinite in the above clays. 


6, Differentiation of hydrogen clays and identification of 
secondary silicate minerals contained in them by viscous 
and electrochemical methods.* 


R. P, Mitra, M. K. Indra and B. Q. Ray, Calcutta. 


Six hydrogen clays prepared from the entire clay fraction of a black 
cotton soil from Satara and fi\'e 8ubfra<jtions separated from this entire 
clay fraction by f*ojitrolled centrifugalization in a Shar|do8 Super<*i\ntrifuge, 
tehave as a<*ids, judged from the nature of their potentiometric 

titration curves witli caustic soda. The hydrogen <*lay from the entin^ 
clay fra<*tion of a red earth from Coimtjatore* on the other hand, shows a 
dibasic at-id character. X-ray and thermal measurements in<it(aU!> that 
the Satara clays have montraorilloriite as their major mineral constituent 
while kaolinite is the dominant mineral contained in the clay fraction of 
the rod earth. On the addition of itti*r6asing amounts of alkali to a 20% 
suspension of the moiitraorillonitic c?lays, their viscositj' at first increases, 
passes through a maximiun at a corre«i>onding a|>prox innately with 

70% neutralization of the amount of the ac*id indicaU^i by the inflexton 
point in *the titration curve, oud then the v^8^'Osity dec^rcMises. Yield 
v^alue appears near about 30% neutralizatiori and like the vusc'osity, the 
yield value at first increases, passes through a maximum at about 70% 
neutralization, then diminishes and finally disap^icsirfi. The plot of the 


buffer capacity, against xwn^eniage neutralization also shows 


iL 

bpHj* 

maximum, but it occurs at different stages of neutralization in the 
case of the six hy<lrogen clays, Corajiaring the five suhfrwrtions it ts 
found that the smaller the particle-jfiize the greater are (a) the original 
viscosity, {b) tic* variations of the visc'osity on the addition of the alkali, 
and (c) the amount of the acid jier gramme of the hj drogen clay w'hich 
reacts with the alkali at the inflexion point of the titration curve. Unlike 
the montmorillonitic (;iays, the kaolinitie hydrogen clay from the red 
^rth shows pratjtically no change in the vistxMiity till about 190% neutral- 
izatioii is n^ached after which the vis<*o8ity sliarply decreases. No yieW 
value is observed at any stage of the neutralization using a 2% suspension 


carried out under a scheme of research finatieed 
Council of Agricultural Research and dkec?teid by 
Rrof. 3. N. Mukherjee. 
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7. Interaction of hydrogen clays with acids.* 

B. Chattbrjeb, Calcutta. 

On the addition of increasing amounts of phosphoric and oxalic aoida 
to hydrogen clays Padegaon-B ahd Latekujan-F prepared respectively 
from a calcareous soil (B-type) from Padegaon (Bombay) and an acid soil 
from Latekujan (Assam), more and more silica and sesquioxides are dis- 
solved, and oxalate and phosphate are adsorbed in increasing quantities* 
On treatment with oxaUc acid the b.e.c. of Latekujan-F decreases by 
29*0% and that of Padegaon-B by 10*7% indicating a decomposition 
of the absorption complex. The treatment with phosphoric acid, on 
the other hand, brings about a marked increase in the b.e.c,, 15 0% for 
Latekujan-F and 19 0% for Padegaon-B. The observed increase in b.e.c, 
is not equivalent to the amoimt of phosphate adsorbed. 

8. The eflfect of concentration on the capillary movement of 

some salt solutions through the black cotton soil. 

L. A. Ramdas arid A. K. Maixik, Poona. 

In two recent papers (Proceedings of the Indian Aajtdemy of 
Sciences, Vol. XVI, 1942) the capillary ascent of water and certain 
solutions through black cotton soil as well as the swelling of the colloidal 
cover of the soil particles have been discussed. The present paper 
describes the effect of varying the concentration of solutions of lithium 
carbonate, sodium carbonate, oxalic acid, lithium oxalate and sodium 
oxalate on their rate of ascent through soil columns. It is found that 
as the concentration is increased from zero to a small critical value Oxf 
the rate of ascent increases. The capillary ascent decreases with 
concentration above Cx till finally the soil becomes almost impermeable. 

Further work is in progress. 

9. An electrical method of studying the movement of water 

through soil and the structure of the water front. 

A. U. Momin, Poona. 

The paper describes an electrical method used in the study of the 
structure of an ascending water front in a soil column and the varia- 
tions in the electrical resistance of the soil in relation to its moisture 
and salt content. The method described is, in essential principles, 
similar to that duo to Kohlrauch ; but by making use of thermionic 
valves and the electron-ray tube the accuracy and the range of 
measurable resistances have been greatly extended. The superiority of 
the electron-ray tube over the telephone as a null point indicator is 
diecTissed. 

The results of the experiments described show that the upper limit 
of the visibly wetted soil column does indicate the position of the water 
front. The possibility of using the method in studying the movement 
of moisture in the soil under actual field conditions has been indicated. 

Soils — Chemistry 

10. Patiala soil. 

L. D. Mahajan, Patiala. 

SoU and subsod of Patiala were studied for horticulture and economic 
crops. Different plots of uncultivated lauds, varying in areas and location 

• The work has heen carried out under a scheme of research finanoed 

he Imperial Council of Agricultural Research and directed hy 
P o i . J. N. Mukherjee. 
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were selected outisde the city walls (either barren or covered with forests). 
Samples of soil were drawn with a standard auger, up to eight feet depths 
and the beaker -basin method was used for aggmgate analysis. Chemical 
ai^>ect of soil was also examined. Though the properties of soil vary 
from place to place and with time, the following general results can be 
concluded : — 

(i) The surface soil and the first three feet layer of the soil are 

mostly loam or clay loam. The drainage is quite adequate. 

(ii) The lower layers show the presence© of a large (}uantity of lime 

gravels of irregular shape and light yellow, soft* clayey soil 
called the ‘Pandu\ The 7th to 8th ft., which contains large 
quantity of Pandu, pijmiits very poor percolation of water? 

(iii) This soil is generally deficient in organic? matter, total nitrogen 

and phosphates, 

(iv) The surface soil is satisfactory^ for cultivation of almost all 

economic crops except those preferring semi-aquatic and 
aquatic conditions. 

(v) The deep-rooted trees, if grown, will have slow progress. 

11. Influenco of humic manures and crop rotation on the 
conservation of soil properties. 

A. Sbeenivasan, Indore. 

Tliis paper reports the results of a detailed study on the changes 
in soil properties following a four -year crop rotation^ viz.: (i) cotton, 
(ii) sann, ploughed in emd followed by wheat, (iii) groundnut, and (iv)iotmr. 
with and witliout the humic manures: farm compost, municujml compost 
and farmyard manure. It is revealed that the physical condition and 
chemical composition of the soil arc* maintained, as a re? suit of crop rotation, 
even in the unmanured plots. This is no doubt due to the periodic addition 
of a green manure as al^ the inedusion of a legume in the rotation. There 
is, however, a significant contrast between the untrt^aied and humic 
manured plots, accounting for the diflferencts in their productivity. This 
is seen in the remarkable and steady increase, over a fwriod of years, in 
nitrogen and, esijecially, carbon contents of soil from the manured plots. 
Even exposure of these humus-rich soils for neiirly six months which 
included the hot summer months of April to June has not resulted in any 
appreciable loss of th€>se constituents. This conservation of carbon and 
nitrogen through humic manuring woixki suggest tliai the general fertility 
of the soil can, without limits, be maintained at high levels and within an 
expense that may kwi Justifiablt* in terms of a rotation of crops. 


12. Fixation of phosphate by cultivated soils. Part I. 

B. ViSHWANATH, New Delhi, and D, K. Patel, Baroda. 

A laboratory* method for comparing the fixing capaidties of soil is 
.discussed in deta.il. Fort y -two surfa?*© soils, ty|)ifjal of all soil types of 
India are classified according to their phosphate fixing fK>wer. In general, 
the soils of Northern India from Assam to Punjab are of low fixing jjower, 
the soils of Bouthem India including coastal parts are of mecliimi fixing 
capacity and the blaf?k cotton soils of Ontral India including C.F. are of 
high fixing capacity. The soils are, further, classified aecordiitg to their 
phosj^hate-fixing capa<dty in relation to the colour of the soils. Blaek 
soils have highest fixing power while brown soils are of low fixing capacity. 
The |>mk and grey soils oin intermediate in tliis respect. So:^ 
of arid and per -arid regions are low fixing while the soils of semi^aiid 
and humid regions, nearly equal in their fixing capacity, have h^h fixing 
power. 
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13. Fixation of phosphate by cultivated soils. Part II. Effect 
o^ pH, calcium 'ontent, clay percentage, Si 02 /R 203 
ratio, re 208 +Al 208 content, total exchange capacity, 
total exchangeable bo^L 

B. ViSHWANATH, New Delhi, and D. K. Patel, Baroda. 

The meaning of phosphate fixation is examined, and the effects 
of pH, clay content, tot/al exchange capacity, exchangeable bases with 
special reference to exchangeable calcium, ratio, iron and 

aluminium content and cakiium carbonate content are briefly outlined. 
They are directly related to phosphate fixation except Si 02 /K 203 ratio 
which is inversely related to phosphate fixation in soils. 

The chemical and physicochemical theories of phosphate fixation 
are reviewed and discussed in the iight of the results obtained. It is 
concluded that adsorjjtion and absorption (physicochemical theory) are 
minor causes of phosphate fixation and that chemical precipitation (chemi- 
cal theory) accounts for most of the phosphate fixation in soils. 


Crops -Husbandry 

14. Crop response to pre- and *ncer-cultivation. 

A. Sbbbnivasan, Indore. 

A review is given of experimental work on the effects of primary and 
inter-row tillage on crop yields with special reference to their bearing 
on the present-day concept of soil-moisture relationships. This is followed 
by details of certain experiments carried out, during several seasons, 
under Malwa conditions. These have shown tliat (1) the present method 
of the Malwa cultivator of giving a few hot weather hakharinga before 
kharif sowings, is nett likely to be improved by introducing additional 
and deeper cultivations, and (2) the favourable influence of interculture 
is due solely to its efficiency in removing weeds and not to its capacity 
to produce a mulch. Excessive interculture by implements has, in fact, 
an €Uiverse effect on crop yields due to the loss in soil tilth and mechanical 
injury and mortality to standing crops result from tlie bullock tramplings 
and the pressure of the implements. 

It is concluded that the developmen of soil cracks during summer 
fallow brings about a result similar to ^yaltivation by a process of self* 
ploughing and subsoiling. 


16. Sugarcane varietal trials conducted on the Bilaspur farm, 
C.P., during t! ^ period 1932-1942. 

V. G. Vaidya, Raipur, and D. V, Bal, Nagpur. 

1. An account of sugarcane varietal trials carried out on the Bilaspur 
form, C.P., during the period 1932-1942 has been given. 

2. As a result of the work on sugarcane prior to 1932, the then 
local varieties Bangla and MeUagar were completely replaced by Kkari 
and this variety was subsequently replaced by the Coimbatore varieties, 
Co 210 and Co 237. 

3. Twenty-four more varieties of Coimbatore canes were brotight 
under trial during the period 1932-1942, Field trials and determinations 
of sucrose and glucose, etc. were carried out and observations regarding 
incidence of pests and diseases in respect of the different varieties were 
recorded. 
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4. Cos. 313» 312, 349, 410 and 421 have proved their superiority 
over Coe. 210 and 237 in respect of sucrose content, cane and fwr weight 
per acre and general performance. 

5. The order in which the varieties oome to maturity is Cos. 313, 
312, 210 and 237. 

6. Co 421 is an early ripener like Co 313. 

7. Co 349 and Co 419 appear to be medium and late canes and 
may replace Co 210 and Co 237. 

8. If the varieties, Cos. 313, 312, 349 and 419, are grown in proper 
proportions, the cultivators can easOy have a continuous caxie crushing 
period of 4J months. 

16. Improvement of lac crop production on Butea frondosa 
(Palas) by artificial partial defoliation. 

P. S. Nkgi, Namkum^ 

Due to adverse climatic conditions in the Baimkki crop (October to 
June- July) and low biological a<‘tivity iluring the greater part of summer 
in Palas, the cultivator resorts to Art (immature) crop cutting. This 
practice results (i) in yielding only about lialf as much c*rop as t^ould l)e 
produc‘ed if the lac insects survived in normal numbers as they ilo in the 
KcUki (June to October) c‘rop when such adverse conditions are absent 
and the biological activity of the host is normal, and (ii) in scarcity of 
brood lac to infeed succ^eeding Kittki crop an<i therefore an extremely 
disproportionate distribution of tr<^ to cultivate the Baimikhi and the 
Kaiki crop. 

To overcome the above conditions, artificial partial defoliation of 
Palas before infection of the Baimkhi crop is being trie<l for the lost throe 
years. The experimental tofJmique was attended with the foUcjwing 
results: (i) ec»onomy of brood lew? to the extent of over one maimd (82 lbs.) 
for every 100 trees was effeeded ; (ii) in July 1941 due to severe summer, 
the control trees did not yield practically any brood lac while the exj>eri- 
mental trees yielded over 129 lbs.; (iii) in July 1942, in spite of the 
extreme summer experien<^od for over f^ast ten years, the exjieriiiMinf^al 
68 trees yielded 157 lbs. of brood lai^ against about If Ibn. only of |KK>r 
quality brood from 190 control trees; (iv) in July 1943, under the normal 
summer, the? broo<l lac* survived in 59' 2% of exjjerimental trees as 
against 31*8% of control ; the control trees could not s[>fire any brood lac 
to infect artificially any other tree, but the ox j>ori mental traces yielded a 
surplus of about 152 IKm. 


Crops— Physiology 

17. On the pre-sowing treatment: the water relations of the 
treated and control plants. 

• P. Parija and K. P. Piixav, Cuttack. 

Ill an exporiment on the jiro-sowing treatment of fmddy with a view 
to inducing drought resistance, the transpiration rates of treated and 
control plants were stiHlied on a statistical basis. Tho resulta obtained 
Boem to be liigfily prornJsmg and interesting. 

It is evident from the analysis of variance of the data that the water 
tran»pir«xi by the treat<^d plants is stgntfifanlly less than that by the 
controls. Further, the treated plants seem to have a oonaisietitly high 
leaf water content. It appears that the rnarkiwi differanoee in transpiration 
rates between treated ancl control plants are reficKded in their respeetive 
leaf water -content. 
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18. Relation between the temperature and humidity at the 

tiifte of ripening and the period of dormancy in Oryza 
saliva. 

P. Parbta, Cuttack. 

While investigating the breaking of dormancy in the paddy, data on 
maxiimina and minimum temperatures and humidity were collected with 
a view to see if they have any relation to the period of dormancy. It is 
found that (1) the minimum temperature has a negative correlation with 
the length of dormant period ; (2) the difference between the maximum 
and the minimum temperatures shows a sort of positive correlation; 
(3) the maximum temperature has no correlation; and (4) the humidity 
also does not show any correlation at all. 

19. EflFect of carbon dioxide on plant growth. 

R. K. Misba, Poona. 

In a commimication to the Indian Science Congress, 1943, the author 
described a method for taking out air from soil and analyzing this for 
carbon dioxide content. Some of the results obtained are briefly 
described. It has b€>en shown that the amount of carbon dioxide in the 
soil air increases suddenly as a result of irrigation and then decreases 
again as the soil dries out. The effect of supplying carbon dioxide 
through irrigation water to wheat, cotton and paddy plants grown in 
pot culture has also been studied. It has been shown that application 
of carbon dioxide has in every case, resulted in a better vegetative 
growth. 


Crops — Genetics 

20. Dimeric transmission of disease resistance to Ustilago 
Avenue (Pers.) Jens. Jlare 21 (Reed) in Avena hybrid 
of interspecific derivation. 

N. M. PateTj, Anand (Bombay). 

Genetic knowledge concerning the nature of inheritance of disease 
reaction in agricultural crops including forage plants, forms the basis 
of plant breeding when immunity or resistance to a disease or diseases 
prevalent in a given tract is sought for in combiixation with agronomic 
characters such as adaptability, high yield, earluiess, and other desirable 
characteristics. Series 1060 Lot-44 L.W. was extracted from on inter- 
specific cross made between A vena harbata Pott, and Avena sativa L. 
The former carries 28 and the latter 42 chromosomes in their diploid or 
somatic cells. Series 1060 Lot -44 L.W, is early ripening variety and has 
dull -coloured, long koryopsis but is susceptible to the invasion of the 
loose smut pathogen, TJstilago Avenue (Pers.) Jena. Hace 2.1 (Reed), 
which myco -geographically is the Ithaca Race. Smut Resistant (Comell)-6 
(C.I. No. 3610) is a mid-season variety coupled with heavy yield and. 
plump grain. It is a near -immune variety and resists the attack of all 
the U.S, pathogenetic races except races No. 19 of the loose smut organism 
which mildly attacks it. In a cross between Series 1060 Lot-44 L.W. and 
Smut Resistant (Cornell) -6, the showed resistance to the invasion of 
17. Avenue, In i'g, there was segregation for the disease reaction into 48 
smutted plants as "against 524 non-smutted plants, in six cultures, with a 
total of 8*764 on the basis of dimeric gene hypothesis. The X® value 
gives a good fit. In the generation 4 families were fotmd to be 
segregating for 3:1 ratio, 11 families were segregating for 15:1 ratio, 
and 20 famflies were found to breed true for di^ase resistance* The 
results i^ow that loose smut resistance behaves as a dominant response 
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over smut susoeptibility. Series 1060 carries two pairs of recessive geoes 
(^ 1^1 ^ 2 ^ 2 ) Smut Besistaut (Com 0 ll )<6 contaius two domiriant allels 
in its genotype. Independent segregation takes place and 
in tile F<q generation 15 resistant : 1 susceptible ratio is obtained. 
results add confirmatory evidence to the dimeric gene hypothesis advanced 
to explain the nature of loose smut inheritance in this cross. 


Plant — Chemistry 

21. Studies on the relation of chemical composition and quality 
of Virginia tobacco. 

O. C. Shab and B. M. Patel, Baroda. 

An attempt has been made to correlate quality of tobacco with its 
chemical compo€dtion. It has been shown that it is mainly the percentage 
of nitrogen that keeps the grade of tobacvo low. *Superior tobactcos are 
poor in nitrogen and magnesium and rich in potassium and phosphate. 

A grade 1 tobacco contains 15% of potash, 7% of phosphate and 5% 
of magnesium on the ash basis and only (^*9% nitrogen. A low grade 
tobacco would contain 8 % of potash. 2 % of phosphate and 10 % of magno- 
Btum on the ash haste and the nitrogen may bo as much as 2 %. 


Animal Nutrition and Dairy Chemistry 

22. Some new feeding stuffs. 

D. K. Patel and C. C. Shah, Baroda. 

The seeds of Ccufsia Tara (N.O.^ — Leguminosae, Hindi — Cliaoda>atrak, 
Marathi — Kawario, Guj,— Tankala-kowaria, Tamil -Tagarisha-chettu) and 
Crotaria medicaginea (N.O. — l..eg^uminosae, Ouj. — Zeiizru) growing in 
abundance as wild plants in Gujarat and in tropical regions of India, have 
been found as good cattle foods and can servo as substitutes for Guar 
and cotton seeds in these days of war. The ether extract j>ercentage, 
proteins and carbohydrate contents of the of (JaMHia Torn and 

Cn^ria medicaginm ore 718% and 6*76%. '20*24% and 23-31%. 59*45% 
and 4204% respectively. C^>king with common salt makes them 
palatable. 

23, The significance of (rah ium in tlie undigestcnl fibrous food 

residue in the faeces of ruminants. 

S. C. Ray, Izatnagar. 

A detailed ox|^rimental st udy has boon made on the }>ofisibility of 
mechanical subdi\'ision of faectes with a view to separate quantitatively 
faecal fibrous food residue and to ostimaie the calcium and other nutrient 
^constituents prescmt in it. 

The results of the oxj>eriment liavo shown that by a fitaiidardiza(i 
method it is possible to separate a definite fibrous entity in the faeces of 
ruminants. The quantity and eompomtion of this fibrous food Tmidu0 
in faec^es are dependimt mainly on the nature of the rougl«age fed to the 
animals. 

The fibrous food residue in faeces and its calcium coiitewt were deter* 
mined in a group of animals kc 9 pt in turn under three diflfereni cereal 
straws, viz. Paddy. Wheat and l^ley. It was found tliat the dry 
nmttcr of food residues was directly pro|K>rtional to the dry matter of 
Afferent straws consumed, but in spite of tlie lowest ingestion of caleitim 
in poddy straw the excretion of the mineral was the in the ftwWJaJ 
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food residue. The percentage of calcium in the dbrous residue in faeces 
was 40, 26 and 20 and the calcium content per 100 gm, of dry fibrous 
food residtie was 0*635 gm., 0*400 gm. and 0*420 gm. respectively for 
paddy, wheat and barley straws ; these figures suggest that comparatively 
a larger proportion of calcium is locked up in the cells encased by indi- 
gestible fibre in the case of paddy *than in other two cereal straws examined. 

To verify whether calcium utilization in paddy straw can be improved 
by alkali treatment which is expected to reduce the losses of the mineral 
in the faecal residue, the latter was collected both under untreated and 
alkali-treated straw feeding and the calcium in the residues was estimated. 
The results show that by the alkali treatment of paddy straw the percentage 
loss of calcium in the faecal fibrous residue can be reduced from 40 to 19. 

24. Manufacture of condensed milk from market milk sold in 
India. 

R. V. Ghatb and N. V. JosHi, Poona. 

The question of turning market milk sold in India has been 
investigated. A large proportion of market milk in India is buffalo milk. 
Whole buffalo milk on account of its large percentage of fat causes excessive 
frothing during evaporation. It has been found that it is more convenient 
to reduce the percentage of fat in the milk to be condensed before com- 
mencement of evaporation. After the process of removing the excess of 
water by evaporation is complete, the milk may be poured in tins and 
heated to 110°C. under pressure and preserved for any length of time. 
However, there is some change in the milk at this temperature. Whether 
there is any change in the digestibility of casein is not yet definitely 
ascertained. 

If instead of heating to llO^C. under pressure, the condensed milk 
is heated to lOO^C. only, spoilage occurs in a large percentage of samples 
of such milk. This has been found to be due to the presence of spore- 
forming organisms in the milk samples used for condensing. We have, 
however, overcome this difficulty without the necessity of heating the 
samples beyond 100*^C. by adopting the following procedure : 

When the evaporation is completed the milk samples are heated 
to 100°C., cooled down and then incubated at 37®C. for 3 to 3i hours, 
after which period the samples are again heated to 100®C. for J hour. This 
procedure has been foimd to be very effective in preventing spoilage of 
condensed milk. 

There is a possibility of reducing the temperature of hating the 
condensed milk to less than 100®C. but it is considered safer at present 
stage of our investigation to heat the condensed milk to 100®C. to preserve 
it for any length of time. 

26. A comparative study of the quality of ghee from cow 
and buffalo under uniform dietary conditions, including 
heavy feeding of cotton seed. 

M. D. Patel, B. M. Patel and C. N. Dave, Anand (Bombay). 

Experiments have been conducted to study the effect of identical 
diet on the physical and chemical constants of ghee prepared from the 
milk fat of two milch species, namely, Kankrej cow and Surati buffalo# 
The results show that Butyro Refractometric value, Polenske value and 
Acid value are significantly higher and Saponification valuo, Reichert 
Meissl value and Kirschner value are significantly lower for the ghee from 
the milk fat-of cow than of buffalo^ 

The effect of the replacement of the concentrate mixture in the 
production ration entirely by cotton seed shows that in the ghee from 
both cow and buffalo the B.R. value increaseB but all other constants 
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idiow a decrease. The qualitative ohauge brought about in ghee by 
cotton seed feeding is more pronoimced in buffalo -ghee than in cow*ghee. 

The limits of variations in the constants of ghee from cow ^and buffalo 
under the present conditions of study have been discussed along with the 
data of other workers. 

26. Investigation on the physicochemical constants of the 

solid and liquid phases of ghee. 

C. C. Shah, B. M. Patel and D. K. Patel, Baroda. 

Ghee was kept standing and permitted to se|>arate into two layers 
at room-temperature, 30*^. The solid and the liquid phases wore analyzed 
cmd it has been found that there is no eifec;t on the Polenske value. Iodine 
value and the Butyro Refrac‘tometer readings of the two components. 

The liquid phase contains more of the butyric, caproic, and capric 
acids, while the content of the myristic and lauric ac^ids is equally dis- 
tributed between the two pliases. The saponification value of the liquid 
phase is greater showing tliat the liquidity of the phase is mainly due to 
the presence of the higher proportion of the lower fatty acids. The free 
acid also remains to a larger extent in the liquid phase. 

27. A comparative study of two ‘desi’ methods of manufacture 

on the yield and quality of ghee. 

M. D. Patel and C. N. Dave, Anand (Bombay). 

Experiments have been carried out to study the effect of two well- 
known deai methods of manufacture, viz. Gujarat method and Khandesh 
method on the outturn, physical and chemical constants and market 
value of ghee. 

For the purpose of the experiment ghee was prepared by Q. and K. 
methods from the milks of l>oth cows and Imffaloos. During the course 
of the investigation the animals of both the species were kept under the 
same production ration which consisted of (a) a dairy concentrate mixture 
for one group of the expeurimental animals, and (6) sole cotton seed feed 
for the other group of animals. 

The results of the study indifete that (!) by tlie Khandesh method, 
under either production ration,, significantly higher yield of gh€)e is obtained 
from the milks of both cows and buffaloes, the higher yield being con- 
siderably more marked from cow’s milk than from buffalo’s milk ; (2) no 
apprecial^le difference is noticeable in the physical and chemical fjonstonts 
of ghee prepared by the two methods, and (3) the market value of 
Khwdesh-ghee is definitely suf>enor to Oujarat-gheo due to its bettor 
fiavour and physical appearance. 


Methods of Analysis 

28. A simple preciision temperature apparatus (an electric 
■ thOTmo-regulator). 

D. K. Patel and C. C. Shah, Baroda. 

A sinmle and accurate precision temperature apf^aratiis has been 
evolved. It consists of a U-tube joined to a l>ent tul>e with a bulb. The 
make and break of the cirf,‘uit is controlled by thcs change of the mercury 
^vels in the U-tube, govomoiJ by the change in volume of the liquid 
in the bulb. It can be directly coimec'tiKi to the mains using a lamp 
heater or a coil heater. Temfierature can be maintained up to iO'l®C, 
by choosing a proper liquid or a mixture. The apparatus can be prf!f>ared 
easily in a laboratory and has a great advantage of cheapness. 
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29. Application of Pulfrich photometer and photoelectric , 

•colorimeter for phosphate estimation. 

B. ViSHWANATH, New Delhi, and D. K. Fatal, Baroda. 

A sensitive, accurate and rapid method for the determination of 
phosphate, involving the application of the photoelectric colorimeter and 
Pulfrich photometer to the ceruleomolybdate reaction is described. 

Results in this case are found to be well agreeing with the results of 
volumetric method of estimating phosphate by phosphomolybdate pre- 
cipitation. The method of Fiske and Subbarow, adopted here, has the 
advantage over the Deniges* method for ( 1 ) proportionality between 
colour development and amoiint of P 2 O 5 over a wide range; ( 2 ) relative 
freedom from interference by such substances as ammonium, iron salts, 
nitrites, nitrates, silicates and chlorides; (3) stability of colour over a 
wide period, 

30. Note on ‘the Warren and Pugh method of estimating 

phosphate in HCl extracts of soils’. 

B. ViSHWANATH, New Delhi, and D. K. Patel, Baroda. 

The method recommended by Warren and Pugh for the estimation 
of hydrochloric acid soluble phosphoric acid is foimd to be unsatisfactory. 
The pH adjustment to 6-8 by colour change as mentioned by Warren and 
Pugh is not accurate. It shows a wide range. 3*5 c.c. of 2JV sulphuric 
acid do not adjust the pH to 3-0, The pH differed from soil to soil. 
Phosphate determinations varied considerably in the same sample. 


Manures and Fertilizers 

31, Accumulation of phosphates in soils under sewage irrigation 

and its adverse effect on plant growth and crop pro- 
duction. 

S.C. PiLLAi, R. Rajagopalan and V. Subbahmanyan, Bangalore. 

From the chemical point of view the distinctive feature of soils 
under continuous sewage irrigation is the accumulation of phosphorus 
in the soil, the phosphorus l^ing mostly in an unavailable condition. 
Our preliminary experiments show that this accumulation of phosphates 
a.cts as an indicator of a limiting factor in the sewage farmiiig practice. 
Russell (Soil Conditions and Plant Growth, 1937, p. 79) has reported reduc- 
tion in crop yield as a result of excess of phosphates in the soil. More 
recently, Rege (Ind, Jairn, Agri, Set., 1943, Vol. 13, Part I, p. 109) has 
also observed a similar deleterious effect duo to accumulation of phosphate 
in the soil from oil-cakes which were used as nitrogenous top-dressings to 
sugarcane. 

Our experiments have also shown that the adverse condition indicated 
by the accumulation of phosphates in sewage sick soils can be considerably 
mitigated by a basf^ dressing of burnt lime. 

32. Influence of burnt lime on the fertilizing action of raw 

sewage in soil. 

S. C. PiLLAi, R. Rajagopalan andY, Subbahmanyan, Bangalore. 

With a view to studying the natiire and extent of the fertilizing 
action of raw sewage in the soil and also the effect of various chemical 
treatments of the soil prior to the direct application of sewage, a series of 
experiments were carried out in pots and plots. The chemical treatments 
included application of burnt lime alone, lime along with feirons sulphate. 
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axid other chemical oxidtzere« In the pot trials (lime at the rate of | ton 
per acre with raw sewage) » the percentage of increase in yield in the case 
of tomatoes was about 40 and that in the case of French beans was about 
30. In plots the percentage increase was about 20 in the cos® of tomatoes, 
and about 28 in the case of Jowar (plot experiments with other crops are 
still imder way). 

Vaiydng dosages of lime were tried in pots and it was observed that 
amounts at the rate of one ton per acre yielded the best results for the 
Bangalore soil and for the sewage used. 

While the application of burnt lime to soils is almost a general practice 
in Eiu’opean countries where soils are naturally rich in organic matter or 
which receive comparatively more organic matter, it is suggested that 
the soils under sewage irrigation may be limed with advantage both in 
India and elsewhere. The quantities of lime to be applied will vary with 
the t jqje of soil as also the strength of sewage. 

Plant Pathology 

33. Study of vaporization of mercury with reference to ite 

insecticidal application. 

K. K. Dole, Poona. 

Since mercury vapour apj^ears to be detrimental to insect eggs and 
gmall lart^ae affecting the storecl food grains, it appears that it acsts as a 
fumigant and not as a contact or stomach jioison. So the emiseion of 
mercury vapour from its different preparations is the deciding factor 
of their efficiency as insect preventives. It is observed that mertmry 
amalgams me poor emitters of mercui'y vapour while flis|>er8ioiis of mercury 
(dusts) in neutral substances prepared by chemical precipitations or 
physical methods are more ejffieient in this respect. A methc^ of testing 
the efficiency of different prejiarations is developed in the present 
investigation. ' 

34. Determination of the minimum quantity of mareury for 

preservation of stored food grains from insect attack. 

K. K. Dole, Poona* 

In continuation of the previous work on studies of insecticidal pro- 
perties of mercury, the determination of minimum quantity of mercury 
essential fbr prevention of insect attack is studied in the present papor. 
The insec't atta<^k is prevented by keejung the siinrouncling space of the 
^ain saturated with mercury vapour. Very small quantity of mercury 
is required for this purpose and it is found that about one gram of mercury, 
properly disj>erised, is more than suffickuit to preeorv^e 2rit) Ibw. of grain. 
The form in which the metallic mercur>" is used is important and interstitial 
spa<e between the grains appears to Iw one of the imporituit factors 
affecting the diffusion of mercury vapour aroiuid the grain. Mercurous 
chloride hIso has been found to be effec^tive towards prevention of insect 
attack in stored food grains. 

35. Fruit-Slicking moths of the Deccan. 

T. V. Ramakrishna Ayyar, Hyderabad (Deccan). 

It is well known that fruit trees of different kinds all over the world 
are teund subject to the attacks of the caterpillars of numerous motlis 
in different categories such as leaf and bud -eaters, stem -borers, fruit - 
borers, etc. ; but so far we have very few oxampliw of motlis caustng 
direcjt damage in their adult stage to cultivated eropSt The daimige 
thus caused consists in these moths appearing during nights in orchssrdbi 
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puncturing the ripening fruits and Bucking up the fruit juice. It is at 
the same time peculiar and surprising to note that in the inmiature stages 
these inleets (caterpillars) are never found feeding on any of the fruit 
crops their parents attack. The chief insects so far noted as causing this 
kind of damage are moths of the family Noctuidae and the most notorious 
among the members of this family are species of the genus Ophideres 
(pthreis) which are stout, well-built insects beautifully and cryptically 
coloured. Species of Opliiderc>s have been noted from most of the tropical 
areas such as Africa, India, Malayasia, Australia and even Japan. In 
the Deccan also moths of this species have been noted as causing damage 
to fruit trees in the different tracts ; and in addition, other moths have 
also been obser^^ed and collected. In this paper an attempt is made to 
present a brief summary of the notes so far made on these insects in the 
Deccan. 

36. Biology of Stromatium harbaium Fabr. 

R, L. GtJPTA, Nagpur. 

The beetle is widely distributed. Its larva is a borer and is a pest of 
a large number of forest trees but also attacks a variety of trees in the 
yilains. The recorded food plants are about 311 belonging to 54 different 
natural orders. In the Ceiitral Provinces it has been found to attack teak, 
Acacia catechu^ mango, orange, lemon, mosambi^ pomegranate, Haemo- 
toxylin, Casiirinay Batthini^ variegatay jack-fruit and Albizzia lebbek. It 
is jiarticularly a bod pest of citrus trees in the Central Provinces. Young 
citrus trees are not attacked but those over 12 to 13 years are infested, 
older ones being more sus(!eptible. It is not only a dry wood pest but also 
a pest of green trees. A survey made in Nagpur of several orchards over 
15 years old showed the attack varying from 75 to 80%. The eggs are 
fleposited in the month of June, in crac ks or crevices in the bark, whether 
firy or wot, either singly or in groups. The maximum number of eggs 
laid by a female in captivity was noted to be 343 and minimum 183. 
Egg stage varies from 0 to 11 days, 54 to 85% of eggs being 
viable under laboratory conditions. About a week aft^r hatching, the 
larva bores into the stem making horizontal, vertical and transverse 
galleries. It continues to do damage for about 2 years or more. The 
larval period ranges from 2 to 5 years or even more. Pupation takes 
place in May and the adults emerge in May and Jime. Pupal period is 
1 4 to 1 8 days. Mating takes place soon after emergence and the females 
lay eggs. Pre-oviposition period is 2 hours to 2 days. Adults are not 
seen after the first week of July. 

37. ‘Red leaf’ in O, hiratdum cotton. 

K. Ramtah and Bhola Nath, Indore. 

The occurrence of redness in the leaves of hirsutum cotton plants, 
which is considered a. blight, may bo of two kinds. In one the redness 
appears uniformly over the whole of the upper surface of the leaf and this 
behaves as a Mendelian cdiaracter. In the other the redness appears in 
patches on both the siirfac’es and this redness associated with a curlifig 
or crumpling of the leaf is considered the result of Jassid attack on the 
plant. While the latter may cause serious loss of crop the former in th^ 
absence of Jassid incidence may bo a desirable character, particularly in 
rain -fed cottons, as it causes extra earlineas in the plant. 

38. 'Phyto-iiematology ’ : an untrodden path in India, 

G. O. Bhalbbao, Izatnagar. 

The term ‘ Phyto-nematology ’ is proposed for the study of nematodee 
affecting plants. The extent of the ravages and grave potentiaUties of 

XX 
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plant parasitic nematodes, especially in relation to the ever increasing 
cultivation of tropical crops, is being realized acutely today agdcul- 
turists and horticulturists alike all over the world. It is therefore highly 
surprising that in spite of the great economic importance of phyto- 
nematrology this subject has so far receive<J practically no attention in this 
country. The object of presenting this paper is to call attention of the 
agricultural zoologists to this fascinating and highly economic branch of 
research and to stimulate them to pursue this line of investigation. To 
illustrate his point of view the writer has selected eleven species of 
nematodes, only four of which hav^e so far been known to occur in India. 
In each case reference has been made to the important plants affected 
by the parasite, its life-liistory, the damage it causes and the control 
measures. 

39. Further trials with Trichograrnnm parasites for the control 
of the cotton bollworms {Earias and Platyedm) at 
Coimbatore. 

M. C. Chekian and V. Maroabandhtt, Coimbatore. 

In this paper are set forth the results of fieltl liberation of Trichogramnut 
parasites for the <'ontr61 of the cotton bollworms for the second time. 
Four fields were taken up for experimentation with two m controls anil 
two for the release of parasites. The parasites wore liberated at the rate 
of 10,000 per acre once in four days, with eighteen liberations in all 
covering the first flush. The effect of liberation was determineil by 
noting the relative infestation among burst bolls from control and released 
plots. In all IS, 688 burst l>oll8 comprising 73,582 locks were examined. 
Reduction in incidence in the treated plots was notol this year also, 

4(). Studies on the effect of temperature and humidity on the 
different stages of Platyedra goasypiella Saunders. 

M. C. Cherian and V. Maboabandhu, Coimbatore. 

This paper records the results of studies made on the effect of various 
temperatiures and liumidites on (i) larvae, (ii) puwie, anfl (iii) adults of 
the pink bollworm. They were subjected to the following temperatures, 
viz.: 5°C., 20X\, 25X.. 30X\, 35X., 38X‘., 4()X., 45X., 50X. 

and 60*C., the relative humidities l>eing 0%, 20%, 40%, 60%, 80% 
and I<K>%. 

In the case of larv^ae it has l>een fotmd timt temijorature and humidit> 
in themselves have not been able to induce diapause. At 5‘^C. the hirv'ae 
die without pupation. Wliiie they pupate at therc^ is no emergence 

of moths from pupae. With regard to piij^acs there was no emergence of 
adults at 5®C. WTiile the emergence is normal at I5®C., 20^‘C., 25®C. and 
30X‘., it is at its minimum at 35®C., with no emergence at 3H®C. 0%, 

20% and 40% relative humidities are unfavourable for adult emergence. 
Irrespective of the different humidities, the average pupal |>eriod is 
26 days at 15X., 15 days at 20®C., 11 days at 25®C., and 7 days at 30®C. 
The different humidities by themselves ha\^© had no offec;! on the pu{;ial 
f)eriod. Maximum longevity in adults was obtained at 15®C. 


Agricultural Meteorology 

41. Sunshine over India. 

C. Seshachar and T. V. Ramachandra Aiyab, Bangalore. 

This paper analyzes the hours of bright sunshine ovwr eleven stations, 
viz. Trivandnun, Kodoikanal, Madras, Bangalore, Poona, Bombay, 
Its 
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Calcutta, A^a, Jaipur, Elaraohi and Lahore. It is found that the duration 
of sunshine increases with latitude, but decreases with altitude. J uly is the 
month withsthe least hours of sunshine and the duration of sunshine is 
longest generally in March. 


Agricultnral Statistics 

42. Observations on sugarcane. 

A. K. MAUiiK and P. S. Sbeenivasan, Poona. 

The paper gives an account of a study of the growth of a sugarcane 
crop by sampling. The sampling method is describe. The march of the 
.growth features (1) number of canes, (2) number of leaves, (3) height 
*"of the cane, and (4) brix reading of the crop for a period of about five 
months is briefly described. The mean values of the above growth 
p^^tures for the different days of observation as well as the sampling error of 
Ibi&^mAgn and the coefficient of variability are given. It is concluded, on 
of the statistical analysis of the data that the sampling method is 
satistactory. 

43. Sampling studies on jowar. 

S. Gopal Rao and P. V. Pimpalwadkab, Poona. 

Three *paralleP methods of sampling were tried on jowar. The 
sampling unit consisted of two metre lengths of drill, measured one metre 
along one row and the other along the adjacent row, the two metre-lengths 
being opposite. The three methods differed from one another in the 
selection of the rows sampled. A table showing the analysis of vaiianoe 
1 $ given. 



SECTION OF PHYSIOLOGY 

PresideiU : — S. N. Mathuk, Ph.D. 

General Physiology 

1 . Daily measurements of basal metabolism, body temiierature 

and pulse rate during a journey to the tropics. 

(Miss) Eleanor D. Mason, Madras. 

On a journey from San Francisoo to Iiuiia a woman uI»ohc basal 
meUibolisrn was known to be 10% lower in the tropics (Madras) than in 
temperate climate (Now' York and Boston) was measuroil daily with the 
pur|>o8e of finding out liow long an exposure to the tropics was necessary 
for this luiaptation in heat production to be established. The measuro- 
ments were made before rising in the morning, with a Benedict lioth 
inetaboUsni apparatus. The oonditions tbroiighout the journey were 
approximately uniform with respect to diet and activity and the transition 
from comfortably cool to hot humid tropical climate was abrupt. 

On the first two days after exposure to tropical heat both the basal 
metabolism and oral temperatxire rose slightly. From the third <iay the 
metabolism began to fall and at the end of a week in the tropics was 
10% lower than the average rate for this subj6<*t in tompemto climate. 
During the second week it fluctuated and fell slightly more. The oral 
temperature did not return to this subjwt’s normal until the end of the 
second week and it is suggested that the second w'oek was a period of 
stabilization of the heat b^ance. 

2. The relation between gastric secretion and hunger < ontrae- 

tions. 

8. A. Rah.man and R. N. Abhyankab, Hyderabml (Ibn^ an). 

Studios of gastric motility and set^retion in man were made simul- 
taneously with two tul>es introduced into the stomach. To one of the 
tubes a -thin rubber balloon was attached by means of which grajdis of 
gastric motility were obt*Mne<i while thti giMitrie juice was as}:>irated 
thnnigh the <»ther tube. The phase of gtistric hunger contrac^tions was 
usually found Uj he associated with increased twi<l sec^Totion. These 
©xperfments confirm, on the whole, the obeervations of ilellebnindt that 
the motility and the secreU>ry pluises of gastric function augment and 
subside in unison. 


Special Physiology 

* tt. Food value by chemical methods of another batch of 
edihles.* 

K. Mitba and H. C. Mittba, Patna. 

Two kinds of gmin foods, 7 kinds of fiosh foods. 6 kinds of fmits. 
rt kinds of mushrooms, 9 kinds of miscellaneous food, 5 Jdads of leafy 


• Carried out under N utrition Scheme, Bfhair, PubUo 'Heoltli Labom- 

tories, Patna. 
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vegetables and 2 kinds of milk products, in all 39 kinds nf foods have been 
analyzed cfliernically as to their respective protein, fat, carbohydrate, 
moisture, ash, calcium and phosphorus contei^ The protein content of 
the 9 kinds of edible mushrooms varied betweelr2 to 7%. Meat of mussel 
and immature prawns gave high calcium figures. The list of foods include, 
amongst others, meat of field rat and bull frog and white ante which were 
listed as ‘food consumed^ during dietary survey operations in certain 
secjtion of population in Bihar. 

4. Estimation of the biological value of common pulses in 

human subjects.* 

K. Mitra and S. K. Vbrma, Patna. 

Biological value of four common pulses, e.g. red gram {Cajanua indictis)^ 
lentil (Lens eaCUlenta), Bengal gram (Cicer arietirmm) and green gram 
{Plictseoltis radicUus) has been studied in human subjects by the balance 
sheet method. The pulses were fed at 4*5 to 6% level of protein intake. 
The endogenous metabolism figures were obtained after a six day period 
of feeding on ‘low nitrogen diet’ yielding 0*3 to 0*5 gm. of nitrogen per 
8ubjf3ct per day. The test diets were given for periods of six days in the 
case of each pulse grain. The urine and faeces collected during the last 
three days in each period were used for calculation of the data. The 
average biological value based on four subjects was found to b^ 89*3 in 
the case of red gram, 86-2 in the case of Bengal gram, 84*2 in the case of 
lentil and 82*8 in the case of green gram. 

5. The food habits of the Muslims of Bihar and the nutritional 

state of their ohildren.f 

K. Mitba, Patna. 

A dietary survey of 709 Muslim families of different economic and 
sofual groups consisting of 4,879 persons was carried out in the province 
of Bihar during the years 1939 to 1943. With the increase in income the 
consumption of pulses, fats and oils, flesh food, non-leafy vegetables and 
milk and milk produces increased but the consumption of an important 
pro tecdive food, leafy vegetable remained unaffected. The consumption 
of milk and vegetables was not satisfactory even in the highest income 
group with an average income of slightly more than one rupee per con- 
sumption-unit-man-value per day. This can be definitely ascribed to 
ignorance of healthy food habits. Even in the higher income groups 
barely one ovit of twelve children was rated as ‘good’ by clinical examina- 
tion. 


(). Vitamin Bi nutrition in Bihar. 

K. 1 ^. Bhattacharya and*M. N. Rudra, Patna. 

Normal vitamin B^ nutrition in Bihar has been investigated by deter- 
mining the total excretion of vitamin B^ in the twenty -four hour sample 
of urine %y a method using Prebluda and McCollum’s reagent. The 
values obtained compare well with the values recently reported in 
America. 


♦ An enquiry under the Indian Besearoh Fund Association carried 
out under, Nutrition Scheme, Bihar, Public Health Laboratories, Patna, 
t Carried out under Nutrition'^cheme, Bihar, Public Health Labora- 
tories, Patna. 
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7. R61e of manganese in the biological synthesis pf ascorbic 

acid.* • 

M. N. Rudea, Patna. 

Rabbits and rats kept on a basal manganese-free diet synthesiee and 
excrete a greater amount of ascorbic acid when they are supplemented 
with mimganese* An explanation of the increased synthesis of ascorbic 
acid by rats, under certain conditions, first observed in King’s Laboratory , 
has been offered and its correlation with the present observation 
established. 

8. The effect of vitamin C on the glycogen content of the liver 

of guinea-pigs. 

Sachchibananoa Banerjee, Calcutta. 

The glycogen and ascorbic acid contents of the fivef have iieen 
estimated in s(.*orbutic guinea-pigs, in guinea-pigs on normal diet, in 
guinea-pigs on normal diet rec*eiving injet'tions of vitamin C. in [tartly 
pancreateetomized guinea-pigs on normal diet, and in partly pancreateeto • 
mized guinea-pigs on normal diet receiving injections of vitamin C. 

The glycogen content of the liver is gretvtly diminished in scorbutic 
guinea-pigs, the value l>eing 2(^80 mg. per liK) gm. of liver, the corre«|K>nd* 
ing value in normal guinea-pigs being 540-4.580 mg. The glycogen c'ontent 
i»f the liver of g\iinea-pigs rec^ei^’^ing vitamin C by injection does not differ 
significantly from that of guinea-pigs fed with nonrniil diet, which is very 
rich in vitamin C, indicating that extra vitamin C is not required for thf^ 
l>etter deposition of liver glycogen. In partly f>tni<*ret%teetomiziHi guinea- 
V)ig8 re<'ei\'ing no injection of vitamin C it is seen that glycogen value of 
the iiv'er. which varies from 0-145 mg. per 100 gm. of liver, is more or less 
i'ompiarable to tliat of scorbutic guinea-pigs. Thus with respe<‘t to liver 
glycogen, partly jiancreatectomizcKi guinea-pigs may l>e fairly compared 
the scorbutic guinea-pigs. Wlien the partly pancreateetomized 
guinea-pigs are given vitamin C by injection better deposition of liver 
glycogen takes place. The ascorbic acid <?ontent of the liver is greatlv' 
diminishe<i in both the scorbutic and the partly pancreateetomized guinea- 
pigs receiving no injections of vitamin C. In the partly i>anc^reate<»Uimized 
guinea-pigs which rec^eivo injections of vitamin C. the ascorbic acrid content 
of the liver is increased like that of normal guinea-pigs given ascorbic acid 
by injection, the corresponding glycogen values of these two groups of 
animals* liowever, are not coraparable. Tlie alK)ve evidence tends t€.» 
show the rdle of vitamin C on the dejKysition of liver glycogen which is 
greatly disturbed in diabetes mellitus. It is therefore suggested that 
npecia! attention should be given to the vitamin C nutrition of diabetic 
patients. 

9. The effect of vitamin C on the insulin content of the pancreas 

of guinea-pigs. 

Sachchidananba Banebjee, Calcutta. 

It has l>een shown previously (Banerjee, 1943) that deficiency of 
vitc^in C in guinea-pigs lea<is to a cliange in the carbohydrate metaboliaiii 
m judged by (1) the glycosuria. (2) the diabetic type of the glucose 
tolerance curve, and (3) the depletion of the glyco^^ content of tim liver. 
It has alm> been shown that the normal metabolism of carbohydrate is 
reetorwi after the fKlmirifsiration of vitamin C* From the above evidonoe 
it has \)mn suggested that the action of vitamin C is simUar tO that of 
insulin. In the present investigation the insidin content of the pancreas 
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of normal and scorbutic guinea *pigs has been studied. It has been 
observed tj|at the insulin content of the pancreas is markedly diminished 
in scurvy. The change in the carbohydrate metabolism as observed with 
scorbutic guinea-pigs is suggested to be due to the diminished insulin 
content of the pancreas of scorbutic animals. 

10. Effect of vitamin C on the chloride content of the blood of 

guinea-pigs. 

Saohchtbanakda Banbrjee, Calcutta. 

It has been observed by Orten and Devlin (1940) that when partially 
pancreatectomized diabetic rats and intact rats with a low glucose tolerance 
are given injections of sodiiun chloride along with glucose the tolerances 
shown to glucose are normal. Crabtree and Iiongwell (1936) have reported 
that the administration of sodium chloride to rats increases the deposition 
of glycogen in the liver. We have reported that in scorbutic guinea-pigs 
and partially pancreatectomized diabetic guinea-pigs there is a change 
in the carbohydrate metabolism as manifested by (a) diminished glucose 
tolerance, and (b) diminished glycogen content of the liver. It is therefore 
highly probable that the lowered glucose tolerance and the diminished 
glycogen content of the liver in scorbutic and experimental diabetic 
guinea-pigs may be due to altered chloride metabolism in these conditions. 
In the present investigation chloride content of the blood of normal and 
scorbutic guinea-pigs has been studied. In scorbutic guinea-pigs the 
blood chloride values varied between 417 and 565 mg. per 100 c.c. In 
normal animals the blood chloride values varied between 462 and 633 mg. 
The change in the carbohydrate metabolism observed in scurvy is not 
therefore due to any defect in the chloride metabolism. 

11. On the inactivation of sympathomimetic amines. 

U. P. Bastt, S. K. Gangoxy and A. N. Bose, Calcutta. 

Adrenaline and similar other sympathomimetic amines are readily 
oxidized both in vitro and in vivo and different theories are being put 
forward to account for this characteristic change of the above bases. 
The racemization, the oxidation of the side chain leading finally to an 
aromatic acid, the conversion of the side chain hydroxy group to the 
ketonic molecule, the oxidation and/or conjugation in one or more of the 
phenolic hydroxyl groups, if present, are the factors that might be res- 
ponsible for the inactivation of the molecule of adrenaline -like cc^mpounds. 
In preparing any pharmacopoeial preparation of adrenaline for parenteral 
administration, a preservative like chlorobutol and an adjuvant like 
metabisulphite are being advocated. Using chlorocresol in 0*1% strength 
it is being noticed that oxidation in the phenolic hydroxyl group can be 
considerably reduced as ascertained by subsequent estimation of adrenaline 
activity by phenol reagent. The incorporation of any acidic substance, 
however, lowers down the pH of the solution and thereby promotes the 
inactivation most probably by racemization. Better activity of these 
groups of compounds^may be retained by controlling the pH of the solution 
which should not come down lowef tlian 1*8. Chlorocresol is beiiig 
foimd to promote the oxidation of the molecule more than chlorobutol. 
Further work is in progress to search for a protective agent that might 
inhibit the oxidation of amine part but at the same time retains the 
activity of adrenaline like compound in general. 

12. Peptone for parenteral therapy. 

N. Ray, J. K. Ghosh and U. P. Bash, Calcutta. 

For the. development pf body immunity a non-specific protdn th«apy 
is often advocated. Either bacterial proteins or non-bacterial proteins, 
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like milk, jpeptoue, are often used. Nothing about the chemistry of 
Mptone Buttable for any parenteral therapy is yet definitely known. 
Peptone as available in the market, contains various degradation products 
of protein molecule. In this laboratory an experiment has now been 
undertaken for the isolation of a peptone stiitable for injection. This 
pre|)aration consists of primary proteose, secondary proteose, peptides 
and amino acids. Pharmacological investigations show that mice tolerate 
225 mg. per 100 gm. given intravenously in a 20% solution without 
producing any signs of shock. These, however, appearcnl with a dose of 
250 rag. per 100 gm, Certfiinly lethal dose is l>eing found to be 400 mg. 
per 100 gm. of the body weight. It produces no irritation when inject^ 
subcutaneously or intramuscularly. It is free from histamine as S€>en by 
the dermal scratch test, Leueoc>"topeptic action was tested in rabbits and 
it is foimd to give a very fine response in exciting the increase of leucocytes. 

13. Influence of vitamin on the production of glucuronic 

acid in liver for detoxication. 

N. M. Basu, Calcutta. 

A more deleterious effect of C("l 4 on fatty liver than on liver filled 
with glycogen leads one to the conclusion that glycogen is the sourc^e of 
glucuronic acid which detoxicates C(^l 4 . Glucuronic acid is an oxifiation 
product of glucose, the temiinal CHaOH of the latter being oxidiztxi to 
COOH. It is siumised that \*itamm Bj or ribofiavin or both which are 
stored in liver and whicjh are ncscessary for oxidation of curl>ohydrates 
may have some rdle in the production of glucuronic acid. The |H>«Kihle 
influence of vitamin Bj has been investigate as follows: — 

The excretion of total glucuronic acid was ostimattHl in the urine 
( 1 ) of normal and vitamin Bj -deficient animals, ( 2 ) of thcw' groups of 
animals after the intake of a single dost^ of (Xd* (0*175 v,i\ per rat) by each 
rat followed on the next day by the intake of a single dow of ('hloml 
hydrate * (200 ing. j)er kg. of body-weight), ( 3 ) of these animals after the 
intake of a single dose of CCI 4 followml after five days l>y an intake of a 
single dose of chloral hytlrate, and (4) of thes 4 > aniinalH after tMfvch of thi^m 
received for a week a dose of (X 7 I 4 per day and then during tlio next wwk 
a dose of chloral hydrate. The results of estimation of Uital glucuronic 
acid in the urine show (I) that in the first series of experiments there is 
a small but definite difference betw-een normal and B, -deficient animids, 
the latter excreting a lower amount of glucuronic a<vid, ( 2 ) that in the 
second anti third Berim of experiments this rlifferent^e isrud ap|>rfM*iablc and 
tloes not always exist, and (3) tliat in the ftmrih wtsri<*s of exjKnimcids this 
difference is /i.j>pn^mhle, Bj -deficient animals always excreting a lower 
amount. 

It is concluded that VitHmin has a r 6 k^ in the produtdion of 
glucurontf! iwid in liver, but it is evukmt that its production is controlle<l 
by other factors as well, for in B,-avit 4 miino»e<l animals an appreciable 
amount of glucuronic acitl is still excreted after the intake of fddomi 
hydrate, 

14. Studies on the miiKMal rfHpuremeriiH of InillockH for main- 

tenance. 

Narain Dab Kkiiar ami H, A. Qr;RK.sHl, Izatnagar. 

Tlie maintemmc€i requirement of minoralH of animals i» of fundamental 
significance in formulating Ixilant'CHl rations, it has lK>en pointed out 
(Chatterjee, H>4fi) that the natim^ and com|K>mtion of the diet exorfcs a 
profound influence on the assimilations of Ca and possibly other miiiamk. 

* The ac^inistration of chloral hydrate attmiilatea the prcwluetton of 
glucuronic acid and that of CCI 4 causes damage to liver tissue. 
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This article presents observations on the Ca, P and Mg requirement 
of Kumacftii (hill) and country (plain) breeds when wheat ^straw and 
mustard cake (the commonly available cattle feeds in Northern India) 
are fed. 

It has been observed thatf (I) the maintenance requirement of 
Kumaonese and country bullocks were 12-13 and 16-17 gm. of CaO and 
9—11 and 11-12 gm. of P 2 O 5 respectively; (2) the ration contained more 
MgO than the required quantity. 

Nitrogen balance studies were also conducted simultaneously. 

15. Studies on the efficiency of Indian feed proteins for main- 

tenance. Part I. Wheat bhusa and mustard cake. 

Narain Das Kehar and R. Mukherjtee, Izatnagar. 

Seven adult bullocks were fed on rations consisting of wheat hhtisa, 
ad lib,, and graded doses of mustard cake until nitrogen balance was 
nearly reached. The data which showed only small positive or small 
negative nitrogen balance have been used for calculating the protein 
requirement of bullocks for maintenance on the combined feed. It was 
found that the requirement is about 0‘37 /a of digestible protein or 0*87/x, 
ci ude protein per 1,000 lb. body-weight. 

16. Riboflavin and pyridoxin (vitamin Bg) as growth-promoting 

factors for rice moth larva {Corcyra cephalonicu St.). 

P. S. Sarma, Coonoor. 

The rice moth larva (Corcyra cephalonica St.) requires riboflavin 
and pyridoxin (vitamin Bg) for its growth. It apparently does not need 
nicotinic acid and pantothenic acid. The growth of riboflavin-deficient 
larvae was proportional to the amount of riboflavin added to the diet 
up to 1*2 /ug. per g. of diet. Larger amounts of riboflavin did not accelerate 
growth. Rice motVi larvae can be used for the estimation of riboflavin 
in foodstuffs and biological materials. 

17. The effecd of ‘exercist?’ on the pyruvic acid content of 

normal and vitamin Bi-deficient rh^e moth larvae (Corcyra 

cephalonica St . ) . 

P, S. Sarma, Ooonoor. 

When the rice moth larvae (Corcyra cephalonica St.) are fed on a 
vitatiiin B 3 -deficient diet, they accumulate pyruvic acid like man and 
laboratory animals. This disappears on the inclusion of the vitamin in 
the diet . An increase was observed in the pyruvic acid content of normal 
an<l thiamin -deficient larvae, subjected to a period of strenuous ‘exercise’. 
The highest pyruvic acid values were found in larvae tested three minutes 
after ‘exercise’. The time taken for pyruvic acid values to return to the 
original level was thrhe hours and wa« substantially the same in normal 
and thiamin -deficient larvae, 

18. Observations on alcohol and otlier dichromate reducing 

substances of blood. 

K. N. Bagchi and H. D. Gakguli, Calcutta. 

By determining the qu€mtity of alcohol present in the blood» it is 
possible to calculate the amount of alcohol consumed by an individual. 
The method usually adopted for estimation of alcohol in the blood is of 
Southgate (B.M.J,, 1926) which involves volatilization of alcohol from 
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the blood by heat and its oxidation by treatment with standard KgOr^Ot 
solution aisd H 28 O 4 . Tlie oxidation of alcohol is acoom^kanied by reduction 
of the ooiresponding amount of dichromate firom which the amount of 
alcohol is calculatM. Any volatile oxidizable substance present in 
blc^, e.g. acetone bodies, if not removed from alcohol, will therefore be 
oxidized along with alcohol and be liable to be included in the result and 
expressed as ^eohoL 

As ethyl alcohol is normally present in the blood to the extent of 
4 mg. per 100 gm. of blood (Sollmann, 1939) and acetone bodies to the 
extent of I mg., it is essential to find out definitely the ‘normal value \ 
that is, the value for these dichromate reducing substanccMa present 
normally in the blood of the teetotallers, bectaiise this value requires to be 
<ledueted from the figure obtained from the blood taken from persons 
charged of dnmkenness. 

Thirty-one samples of such normal bloo<l were examined, of which 
25 samples, or 80% gave figures varying from 0 to 2*87 mg. In only one 
case, it was 11*5 mg. and the average of this series was 2*84 mg, per 
100 e.c. of blood. In a series of cases recorded by a German worker 
{Smith and Gloister, 1939) the maximum was 20 and the avwage 
was 3*7 mg. 

In diabetic subjects the presence of acetone bodies in the blood gives 
high figures — may l>e 40 mg. or more. 

As alcohol vapour, like ether or chloroform, is very rea<lily absorbed 
through the respiratory system, persons working in an atmosphere cluirged 
with vapours of alcohol, as for instance, in the Excise fkx'tion of the 
laboratory of the Chemical Exaixuner w^hero analysis of about 11,000 
samples of wines, spirits, tinctures, et<i. is carrieci out annually are likely to 
imbil>e alcohol to an appre<uable amount. Blood of 12 c*hemists and 
assistants (all teetotallers) working in this laboratory was examiiked and 
found to contain alcohol \"arymg from 4*6 to 11*5 — the average being 
7*5 rag. A chemist, who had no alcohol in his blood, imbilKxl 4*0 mg. of 
alcolml per KMI c.c. of his blood after working there for about three hours. 

7*5 mg. of alcohol in 100 c.c. of blooxl. the average of this series, is 
equivalent t(:) about drachms of brandy admin istoreci by the mouth 
(Evans and Jones, I92u), The ({uestion of administration of alctdiol as a 
stimulant tlirough tlie respimtory tract in people who do not take alcnhol 
ev-en as a theraj^eutic may be csonsidertMl on the Imsis of this 

finding. 

Pharmacology 

19. Determination of toxicity of urea 8tibamine (a kala-axar 
remedy containing |>entavalent antimony) on pigeons. 

N. K. Dutt and B. Mukerji, Calcutta, 

Urea sttY>amine, a pf>t 6 nt chemotherapeutic rerae«l.v iftdministettxi by 
the intravenous rf>ute, ia standardized by the estimation of its ( 1 ) antimony 
content, and ( 2 ) t^jxicity on I.V. injection in white mice. To counteract 
the difficulty of sec^uring w'liite mice of suitable weight in sufficient numbers, 
an alternative method of determination of toxicity on domestic pigeons, 
which are more easily available, was attempted. 

Birds w^eighing l^^tween I5i> to 25fi gm. w^ere setec;ted and kept under 
lalx>miory diet for seven days. Food was withdrawn 20 hours Iwfore 
inje<!tiona were giv^en (a 4% sol. of urea stibamine was iimis. 1) in the wing 
veins. Tlie pigeons were ol>stf>rved for a pfoiod of 7 days after injection^ 

death occurring during the period l>eing cxmstder<xl due to the t^jxii* 
enect of the drug. Preliminary olsiervations on KM) birds indicate that 
pigc 5 on» may be safely used for the * toxicity ’ determinatioiMi. The M.T.D. 
IB approximately 225 mg. fjer kg. and the M.L.0. 50 (Karber^s cwethod) 
about 3(K> mg. /kg. A statistical analysts of the data ts in progress. 
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20- Estimation of the diuresis-inhibiting activity of pituitary 
(j^st) extracts. 

B. N. Chowdhtjby, N. K.^Dutt and B. Mxtkebji, Calcutta. 

The antidiuretic activity was determined by a combination of methods 
enunciated by Gibbs and by Bum. Sixteen male rats in groups of four 
were used in each experiment. Sterile warm water (10 c.c, in each rat) 
was injected intraperitoneally and pituitary extract subcutaneously, and 
maximum excretion time of urine determined in injected animals. A 
standard dose-excretion curve lias been constructed from observations on 
100 rats, keeping a control with International Standard Post -pituitary 
extract. The maximum excretion time is found to be on the lower side 
(107 mins, to 125 mins, for doses between 0*004-0*008 units per 100 gm. 
body weight of rat) compared to the figures given by Bum (140-166 mins, 
for doses between 0*004 to 0*008 units/lOO gm.) but there is good correlation 
between this data and the data obtained by the oxytocic method of assay, 
the average percentage variation in potency estimation being of the order 
of 16*2%. 

21. Effect of transfusion of serum, plasma and dried serum in 

‘bled’ cats. \ 

N. K. Dutt, B. N. Chowdhury and B. Mtjkerji, Calcutta. 

To evaluate the relative resuscitation properties of blood substitutes 
recently introduce<l into medicine, artificial hemorrhagic shock, similar to 
that produced in field wounds and severe accidents or bums, was produced 
in healthy anaesthetized cats by bleeding from the carotid artery imtil the 
blood pressures of the animals were reduced to 50 mm. Hg or even lower 
from their original levels of 130-150 mm. Hg. Transfusions of the blood 
substitutes were given via the femoral vein at a regular controlled rate, 
the amount transfused not exceeding the amount of blood withdrawn 
through the carotids. Artificial respiration at a constant rate sufficient 
to maintain the activity of the respiratory centre was given. 

Experiments were performed with 41 samples of sterile liquid serum, 
8 samples of liquid plasma, 3 samples of dried (ly^hilized) plasma and 
one sample of dried serum obtained from the ‘ Blood Bank ’ of the All India 
Institute of Hygiene. Following transfusion, it was observed that in 
certain instances, instead of counteracting the shock and elevating the 
blood pressure to more or less its pre-hemorrhagic level and maintaining 
it at that level, a definite depressor response was elicited, resulting in the 
death of the experimental animal in the majority of cases. This reaction 
is definitely not due to a heterologous (human) serum or plasma being 
transfused into cats, as cat’s serum processed under identical conditions 
also produced the same reaction. Reaction was elicited from serum 
obtained from collected blood kept in a high temperature (room tempera- 
ture in summer) for more than 10 hours, as well as from serum kept 
(before processing) in contact with the clot for more than 72 hours. The 
problem is being further investigated. 

22. Investigations on the galactagogue nature of the Indian 

cress seeds, 

M. B. Sahasbabxjdhe, Bangalore. 

Indian cress (Lepidium eatimm Linn.) is reputed to have emmenogogue 
and galactagogue properties. In view of the voluminous literature 
regarding the antagonistic nature of the estrogens and the lactogenic 
hormones, the co-existence of the two principles in the same seed is very 
interesting. A detailed biochemical and pharmacological investigation 
was thewbre undertaken by the author. In continuation of the estrogen 
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therapy experiments publislied earlier {Current Seience, 12, 23, 1948> 
the g^actagogiie prepay of the seed was investigated and corffirmod by 
employing Dagg's technique for studying lactation with some modifications. 
The author explains the co -existence on the assumption that the estrogens 
actually stimulate increased secretion of prolactin l:>y the pitui^ry. 
Further work in the line is in progress. 
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General 

1. Studies in race-iuind. 1. Race-mind Keen in its higher 

achievements. 

N. N. Sen (Jufta, Lucknow. 

The (cultural prothictR of a people supply a measure of its mental 
ability. The number of eminent men who excel in the arts and sciences, 
religion and state-craft, gives a fair measure of a race’s ability. The relative 
i‘rf»r|uency of eminent men among different peoples and the direction of 
their labour, then, indicate the capacities of a race and the direction of its 
ability. The paper f)re8ent8 an evaluation of different races on this 
basis. 

2. Studies in race-mind. II, Race-mind as seen in its 

sensory-traits and reaction-times. 

N. N. Sen Gijpta, Lucknow. 

Sensory -traits and reaction-times have a high correlation -value with 
iiitolligenee. The latter again bear a high correlation with the principal 
mental capacities. A study t>f sensoiy -capacities and reaction-times is 
likely to reveal the level of mind that a race has. This paper gives an 
analysis of studies of this nature and indicates the limitations of the 
method. 

3. Studies in race-mind. III. Crime, suicide and insanity as 

indices of race-mind. 

N. N. Sen Gupta, Lucknow. 

The race-mind is measured by its successes no less than by its failures. 
The frequency of aberrations is a fair index of the dark-spots that lurk 
behind a bright facade. Tlio paper gives an analysis of statistics of crimes 
and other aberrations of several of the races and attempts at an estimate 
of this method of study. 

4. Orientation in psychology, 

*P. S. Naidu, *AUahabad. 

Text-books in psychology in current usage are woefully lacking in 
orientation. One is not able to see the thread of unity running through 
the various topics discussed in these books. No two books follow the 
same order of treatment, and sometimes in subsequent editions of the same 
book the order is changed. A scientific book should not suffer fipom this 
the most serious and the most unscientific of defects. What is the root 
cause of this disorganization in psychology ? , It is the lack of a single 
unified psychologiccd theory of human nature. The existence of diverse, 
and perhaps rival, schools of psychology is, in the main, responsible, for 
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this trouble in our aoieaoe. But, there is also another reason, and that is 
the pepiicious tnfiuenoe of that 'great* psychologist who ri^c^ed experi* 
ment in psychology, William James. We have shown in this paper how 
this defect may he set right through the introduction of the orienting 
principle offered to us by hormio psychology. An organized scheme for 
the treatment of psychologioal topics is suggested, and this is illustrated 
by two diagrams. Orientation in psychology is possible only through the 
introduction of the concept of Purpose in our study of human and animal 
behaviour. 

6. A study in binocular equilibi’ium. 

Anil Kumar Banebjrk, Lucknow. 

A study of sixty readings, obtained from a series of experiments with 
ten subjects under laboratory conditions, shows that the phenomenon of 
binocular equilibrium does not obey any definite principle of time-relation. 
Like all other muscular adjustments it shows an improvement after a few 
trials at the beginning. The phenomenon indicates effects of practice and 
fatigue. 

6. P.syeho-music in war and after. 

(Mrs.) Bani Chatterji, Calcutta. 

As j)ertaming to the human mind, music has a r61o in the held of 
p 8 ycholog 5 ^ Sympathy, wliieh music treats of, m instinctive in man. 
Under the inspiring guidance of music and its humanizing inhuences 
this sjmpathy rises to great heights. Like psychology, music is pertaining 
to education and recreation of the mind. Music acts as a safety valve 
to the suppressed emotions and may thus help to lind a solution U> 
‘the problem behaviour'. Mental defe<'ts, such as the war-neurf,»se«. 
etc., naay be remedied by the combined efforts of psychology and music. 
Evidences of such cures by the art of music are not rare. For the 
?^ke of the suffering humanity, for the st^lvation of its mentally difsabled, 
the conjoint study of psychology and music is urgently desimble. Inci- 
dentally, in their union a new science would he in the making — ^The 
Psyctio^mmical Scieme'. 

This new scuenco. which m>e<ls a thoroughly intensive and exhaustive 
trial, might help in the cure of the war-affected Vrnental-vi^rtM ks’. 

7. Growth of meaning-experience in 'primitive’ mind. A 

psychological thc*ory. 

Kali Prasad, Lucknow, 

primitive mind develops its reactions mainly under sense -imaginal 
dominance and meaning would apfH3ar to Iw chanMuterimi by 'over- 
determination by image', it l>ears resemblancte to an ‘eidetk ' f 3 at*/ern. 
But the meaning- pattern is many -dimensional. 

This does not mean that primitive mind is a mosaic of distinct qualities 
nor an 'arrested ’ growth, but a dynamic pattern in which le«#ic»r w holes are 
m laiger wholes as in gmUUten. Psychologically, meaning then 
is a function of ‘ transulaitantiation of levels of ex|>erience, and pii^'^iO' 
logically of irradiation of impulses, and eorrelates to the general central 
facilitation of the nerv'Ous system as a vrhole. 

8. Growth of meaning-exi>eriono« in animal behaviour: A 

psycholoj;icaI theory. 

Kali Prasad, Lucknow. 

1. Some bblogical flotioiu about animal mind, ‘wholai’, ‘end 
aetermmee the means etc. 
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2. ConBciousnesB not necessary for meaningful behaviour in animals 
(or in man). 

3. Categories of animal mind: (i) Simple co-ordinations, and 
invariable co -ordinations or stereotypy (as in lower organisms); (ii) Imita- 
tion (as in monkeys and apes); (iii) Simple deductions and conditioning; 
(iv) * Irreversibility’; (v) Impulftiveness ; (vi) Sensory and perceptual 
dominance; (vii) Poor range of memory. 

4. As in our case, meanings develop in animal mind by the pro- 
gressive development of gestalt. Animal responses are poMern^responses , 
The behaviour of micro-organisms, wasps, bees, ants and other animals 
(like monkeys and apes) represents a progressive development pattern- 
reactions much as in our own. 

9. Influence of letter position on visual apprehension. 

Udai Bhanxj, Indore. 

This paper opens with the question of position of stimulus on visual 
apprehension and physiological changes in the cerebral cortex, if any. 
Actual exj)eriment8 were carried with eight homogeneous coloureni letters 
with the following results: (a) In visual apprehension the letter position 
has a definite effect; (6) from loft to right there is a constant and gradual 
decrease in reproduction till the seventh position of the letter; (c) there 
are rapid drops in score from the fourth to seventh position; (d) the 
average span of visual apprehension is four letters; (e) the induence 
of sex and method is clearly seen; (/) there is always an increase 
at the eighth position; (g) the scores of the subject are higher in groups. 

10. ‘ Liking thought ’ versus ‘ liking people 

R.\j Nakain, Lucknow. 

Psychologists are wont to assume an antagonism between liking 
thought and liking people. The present paper seeks to verify this assump- 
tion by repeating the experiment of Abemethy with two groups of post- 
graduate students. It was found that there is a positive but low correlation 
between liking thought and liking people. The results as found do not 
tally with those of Abemethy which may be due to the small sample 
tested by tlie author. In any case, the antagonism between liking thought 
and liking people seems to rest on very uncertain foundations. 

11. Gestalting in children, 

N. S. N. Sastry, Mysore. 

Organizing the percept, whether purposeful or not, is a characteristic 
of the mind. It early reveals itself in the working of the child mind. 

The problem was to find out at what age generally, gestalting takes 
place in children, with reference to certain kinds of materials. Separate 
drawings of eyes, mouth, nose and ears of a human face, and a drawing 
of the whole face are usec^ . 

The average age at which children are able to recognize these features 
in the face but not -when isolated, seems to be two years and a half% 
There are individual differences. 

These differences are attributable to innate intelligence. Factors 
like home-condition are also considered with regard to their bearing upon 
gestalting. 

12. The emergence of natural muscular rhythm. 

(Miss) Priti Kaihsilai^, Lucknow. 

Rhythm is a movement in equal intervals. Besides the organic 
rhythm movement, the study of the normal rhythm movem«:it has been 
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quoted from various sources. Rhythm works on children’s education, 
activity, etc., too. Here this paper deals with the question wliethOT 
movement at a maximal speed disturbs movements in groupa. Experi- 
ments made on subjects show that rhytlim varies in character, frequ^cy, 
time, number of breaks, etc. Result shows that rhytlim emerges in all 
(» 0 ee, sometimes immediate and sometimes delayed, with a marked 
individual difference of dominant rhythmic type although fatigue influences 
the rhythm at times. 

13. Aristotle’s illusion. 

K. C. Mttkhekji, Dacca. 

Aristotle’s well-known experiment shows that when the index and 
the middle finger are crossed and an ohje<*t is held between the finger tips, 
there is an illusory sensiition <»f touching two objects. This illusion is so 
strong that it does not vanish even when controlled by siglit, and it increases 
if the objec't is rolled betwe('n the fingers. Tlie> <*onvorse observation is 
made by Rivers. A subjcK'tive feeling of thrw^ touches is reported by 
some subjects wlien the ulnar aide of the index and the nidial side of the 
middle finger, as crossed, are siimilt4me^>UHly touched i>y two rods. 
Dr. Bose's observation on the allied |>oint is illuminating, 

14. Universalization and idealization. 

P. T. Rajtt, Guntur. 

The universtd as an average- — as an eternal ohjfx^t — as an ideal - the 
tiniversal and purpo.se. 

The working of the universal in the aruentific mind — the uiiiversfk! 
and the form — the form as subjecti%’e and obj«Kdive — later subjendive 
elaboration of the objective form — ^forms and harmonies. 

15. Quantitativo mental estimate of brightness valne.s. 

S. r. Mitb.4 and Anathnath Datta, (’absitta. 

This paper presents the daUi of an experiment carraxi out in tin* 
Psychological Laboratory, Calcutta University, on mental estimation of 
brightness values. Before an uniform Iwickground wer«3 placed two 
paper discs — one whit<3 and one black. On another colour mixer phu^ed 
between the twc» discs, different sliad€$s of grey were presented to the 
subjects. Considering the^ black to be zero and the white to be 5U, the 
HubjectB \^'ere asked to aasign a mark ranging between 0 and 50 to the 
shades of grey presented bi them. The results have l>een statist.ic^ally 
treated and a comparison has l>een made between the results obtained 
and those of similar experiments on colour estimation reporitxl in the 
British Journal of Psychology. 

16. An experimental .study of errorn in immediate inferences. 

D. Ramakkishnaiah, Guntur. 

Many tests in Immediate Inferences’ were framed and adminiatercMi 
to large groups of Logic and non- Logic (science) students. The subjects 
were asked to say whether the stiggest^^d conclusions followed necessarily 
from the given promis(?8. 

The tests are designed tf> study quantitatively the causative factors 
underlying the differential rea<;tion to false suggestions. 

On administering the tests, the restilts show^ed the following oou- 
clusions; — 

(a) Logic and non -Logic students cominit nearly same number of 
errors; (h) invalid immediate mferenew produc'se more eirors 
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than the valid; (c) in invalid ^immediate m^B§teBJD^\ bi^ 
for the acceptance of the Buggested oonolnaiQn canfiee about 
3^ to 4 times the errors as hiae agmnet. In v^Bd *^^nmediate 
Inferences % buza against the acceptance or the suggested 
conclusion producep about to 3 times the errors 
bias for. 

Educational 

17. A comparative study of group intelligence test-element 

scores in English and vernacular with a note upon the 
^ practice-eflFect 

S- Jalota, Jullundhar. 

This paper reports the comparative figures for the teat-element scores. 
Of late^ a number of other workers have published similar comparative 
figures with single test -elements. The writer reported at the 1939 session 
results obtained by comparing the total scores of a battery of group-tests 
conducted in English with similar tests in Hindi and Urdu. This paper 
refers to the following elements: Instructions, Number series. Memory, 
Classification, Best answers. Analogies, Cancellation, Logical selection and 
Reasoning. 

Time and score norms with * maximum scores and their freqtiency’ 
are also given to help others in devising similar test -elements. 

There is further discussion of the ‘practice -effect’, in continuation of 
the paper already published in the Indian Journal of Psychology^ 1937. 
Some interesting methods have been devised and the results are discussed 
in this paper. 

18. Language of the text-books and language in daily nse. 

B. KtnppiTSAWMy, Mysore. 

There ie now a great gap between the spoken language and the 
language of the text- books. Consequently, the spread of education is 
very slow. The elementary school childr^ as well as the adults who 
pick up the art of reading and writing lapse into illiteracy soom The 
essential principle in the expansion of literacy among the masses is 
imparting information and knowledge through the language in daily use 
among children and adults. The method of implementing this principle 
is the preparation of basic word lists in each language in the bountry. 
Committed of educational experts who have trainiag in experimental 
work must be set up in each linguistic zone to prepare a list of words 
actually spoken by the children and the illiterate adults. The books 
should be written only using such words. This scheme is bound to 
acicelerate the expansion of elementary education as well as adult education 
in an unprecedented way. 

19. Distribution of learning ability among ten generations of, 

rats. 

B. KnpPiTSAWMY, Mysore. 

Ten generations of white rats were given a water maze to learn. The 
distribution of the learning ability is according to normal probability. It 
was found that the average ability tends to remain consent from group 
to gmup. The proportions of superior and average rats also tend to 
remain constant. These results show that the old notion that the general 
ability or intelligence is a unit factor, dependent on a single gene is incorrect. 
General ability is not a quality which is present or absent like qolour or 
form of hair. It is a continuous quantitative variable. 


12 
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20. A oomparalave study of Uie pedr<»manoe8 of arts and 

sois^oe graduates in the B.T. examination of the Dacca 
University. 

Hsm Chandra Banbrjbb, Dacca. 

An etxamination of the results of all arts and science gr^uates in 
different subjects of the B.T. degree examination of the University of 
Dacca for a period of four years, from 1940-43, shows that except in 
Educational Psychology, History of Education and General English, 
where the differences cure not very great, the science graduates, on the 
whole, did better both in the theoretic and practical |^rt of the examina- 
tion, The science graduates gaining first class diplon^ are 19*1% 
compared with 13*1% of the arts graduates. An examination of the 
results shows also that honours graduates or graduates with the Master's 
degree (both in arts and sciences) 8ecure<l high percentages of first class 
diplomas. The failures in the B.T. examination as a whole are 9 3% of 
the arts graduates and only 3% of the science graduates. 

21. Nature of intelligence and its measurement, 

G. Bosjb, Calcutta. 

It has been said that intelligence is that which the intelligence test 
measures. This statement which has found wide currency lias been 
responsible for great deal of confusion in the field of measurement of 
intelligence. It is futile to devise intelligence tost without some idea of 
the nature of intelligence, A mathematical concept of intelligence, such 
..as an entity with two factors or one with multiple fac.^tor8, is of no use to 
the |is>Thologi8ts. An attempt is made in this pai>er to indicate the 
nature of intelligence and the general principles which should i>e observed 
in devising tests for its measurement. 

22. Need for sex instructions in schools. 

Rabi Qhosh, Calcutta. 

A case is here presented where it can be definitely asserted tliat 
opportunities for sox instruction would hav’^ averted the troubles as were 
encountered in the case. The c^ase is tluit of a girls* school in a big city. 
P^chologicaliy it is very difficult to impart sex knowledge, however 
practically it may be felt as a need. 


Abnormal 

23. Multiple personality. 

P, 8, NAiorr, Allahabad. 

I liacl a rare ojiportunity for studying at first liand a most remarkalde 
c^m of quadruple }>ersonality. A l>oy in his sixteenth vc»ar devolope«l 
three different i^ersonalities in tKldition to his normal self. This normal 
self (PI) disappeared completely for about two yearn, its place being taken 
at different times by that of a Grbek gcnidess (P2).*a Booth Indian dmion 
(P3), and a nebulous ]f>ersonality (P4) which lasted tlmmghout the period 
of abnormality. The outstanding features of behaviour of these per- 
sonalities awe cl^ribed in this paper. The causes for th«j dissociation are 
discrussed, and it m shown, in a general way, tliat the facts observed fit 
into the Freudian scheme. But the cure was effected in a very striking 
and painful manner tlirough the evocation of fear. This cure is disetxssed, 
and it is shown how from this point of view, the McDmigallian theory of 
dissociation is more satisfactory. Freud and McDougatl* thiSNrefor#, idienld 
be s^thesized, and the sooncu* the synthesis is brought about the beWer 
it will be for psychology. 

12B 
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24. Rsycholopoa-l effect of deafness and possible jneans of its 

alleviation. 

Kalidas Bhattacharjee, New Delhi.' 

Since temporary illness can* act upon a psychological phenomenon,^ 
therefore the deaf with permanent disability would resort to morbidity 
and petiilence. The invisible struggle of the deaf hits hard in their 
life process, even more than blindness. 

In all associative activities of life from the very infancy till the end 
of their days, the deaf, on account of loss of hearing and lack of language, 
lag far behind the normals. A shun grows up between the two distinct 
communities — ^the hearing and the deaf. This isolation shatters their 
mental growth and an insurmountable inferiority complex becomes 
ingrained in them. They are thus compelled to live a secluded melan- 
cholic life. 

The scientific education in the West has greatly eradicated the morbid 
mental state of the deaf. For their alleviation, adoption of such a pro- 
fitable scheme should be thought of and the Science Congress has a call to 
deal in the subject. 

25 . Work curve of criminals. 

Raj Narain, Lucknow. 

A criminal is defined for the purpose of this paper as one who has 
been convicted by Courts of Justice. Data for work curve of 20 such 
criminals were obtained by noting their progress in blanket-weaving from 
hoxur to hour and from day to day for six consecutive days. It was found 
that the average (weighted) output per hour of all the S*b rose steadily in the 
morning spell, reached the highest peak of efficiency betw^een 12 noon 
and 1 p.m. (immediately after rest), fell a little (1-2 p.m.), reached another 
high level of efficiency (2-3 p.m.) to fall towards the end of the day. The 
average (weighted) output for the afternoon spell was considerably higher 
them that for the morning spell. Computation of coefficients of correlation 
between age, term of imprisonment, term spent in jail, and days of practice 
in the task and average total output per day showed no existence of 
relationship between them. 

26. Sex differences, 1930-1941. 

Raj Nabain, Lucknow. 

The present report on sex differences is based on material found in 
psychological journals, in particular the Psychologioal Abstracts. Findings 
are analyzed with respect to (i) ability or trait investigated, (ii) number 
and nature of tested, (iii) method or test applied, and (iv) results 
obtained, and grouped under suitable heads like Personality, Interests, 
Intelligence, etc. in a tabular form. In this the report differs from the 
reviews of the subject published in the Psychological Bulletin. It is hoped 
that the report will meet a real need of the students of psychology and . 
education for an anAl 3 rtic, up-to-datef and descriptive summary of ouf 
knowledge of sex differences. 

27. The psychology of errors in speech. 

V K. D. Ghosb, Dacca. 1 

Mistakes in speech, writing, etc. are very common even without 
illness. Forgetfulness is neither uncommon. The psychological basis of 
these mistakes carry a meaning. This paper deals with mistakes In 
speech in particular. Various physical and psychological factors produce 
slips. The limitations of the ‘ attention ’ theory . gaips also occur when the 
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attemtion ia oonomtmted even, Pinrc^b-aiialyfliA fVtmiidxds th« right answw 
for those mistakes. Examples ooUeetod by the writer would leave vary 
little doubt that the mistakes made by p^ectly normal healthy people 
have a dednite meaning. The matter becomes one of psyohological 
investigation, with very little reference to phyaiologioal and psycho - 
physiological conditions. The technique of slips well known to poets and 
playwrights also. Other types of errors where the meaning is not plainly 
obeyed can be found out on a very close inspection — they are not mere 
accidents but have a dednite meaning and bom generally out of a conflict 
of two different intentions. 

28. Symbolism in Hindu gods. 

N. S. N. Sastby, Mysore. 

Dreams of individuals and dreams of a people are strikingly similar. 
Both reveal oharacteristic working of the mind. Myths, legends and folk- 
lore may be taken to be the dreams that the primitive men dreamt, where 
the Collective Unconscious revealed iteelf. 

Complexes of the people are revealed in such compositions. Oedipus 
complex is universal. Different people have expressed it in different 
compositions. The story of Ganesha — the Hindu god— is an example. 

Conquest of the primitive culture by civilization, specially in India, 
took over the contents of the former into it in a sublimated form. The 
deiffed primitive gods are examples here. 

Stories of gods and gwldesses can reveal the conflicts, etc. in the 
mind of the people which created them. 

29. The r61e of Oedipus complex in the psyehogeneeis of epilepsy 

I. Latif, Lahore. 

The case-history of two patients is presented to show that their 
epileptic seizums were mainly determined by their hostility against' their 
parents. 

30. The psyehogenefiis of matiic^depreaaive psychosis. 

I. Latif, Lahore. 

Four individual cases are presented to show that in each instance 
the patiant^s hostile impulses directed against the outside world were 
gradually introjected within himself. 

.31- The psychological significance of constipation in aaam of 
patients suffering from depression. 

I. Latif, I.#jvhore. 

An attempt is made to explain the nature and meaning of stubl>om 
constipation in the case of patients suffctfing from depression. The f^ass 
of three fmtients ia presented and analyzed. 

♦ 

Vocational 

.‘12. Neexl for personnel research in India. 

8. N. Roy, Calcutta. 

Economittal prosperity, industrial development, ogrioultural resoaiQh, 
etc. figure prominently in all plannings and suggestions lenrding national 
advancement of India. Expiring the raw materi^ soaitsswd in 
abundance Irt India and systematic reeeawth for thorough luod pn^tsr 
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utiUzation of them are considered* of ooirrse with justiflcatton* as important 
factors. Unforttinately* the aspect of htuman materials— cm enormons 
figure of #00 millions — and the question of scientific research for right 
use of them* receives nobody’s due attention. A plea for personnel 
research in India^ts utility and importance recognized all over the 
worlds Personnel research is an important item in present-day war 
efforts in Western countries — organizations in India engaged in personnel 
research work. Its usefulness is to be increasingly felt after the war when 
industrialization is expected to have its sway in India. Any post-war 
social reconstruction scheme will be mcomplete if researches in persozmel 
problems are not included in its curriculum. (Plan suggested for under- 
takii^ personnel research work in India.) 

33, Two motive^patteros in vocations. 

Rabi Ohosh, Calcutta. 

Two patterns of vocational motivations are discussed in this paper. 
These patterns give rise to two types of character easily recognized. In 
one, an earlier rebellious attitude towards the father or the father- 
equivalents is found contrasting very clearly to an ardent devoted attitude 
towards the chosen profession. In the other, a very light-hearted applica- 
tion to rules and regulations of the vocation is very evident ; the ccueerist 
having committed a mistake expects to be excused; in face of impending 
dangers he fondly imagines to 1^ rescued or else hopes the disappearance 
of the danger from the scene. Both types present difficulties when they 
come up for vocational guidance. 

34. On Kelly’s constructional ability tost. 

GAUKANOABHUSHAisr Ghosh, Calcutta. 

The ability to initiate a problem as well as to execute a given task 
is said to be measured by the Kelley’s constructional ability test. This 
Mper attempts to discuss how far KaUy’s test really achieves the purpose 
for which it was devised. 

Child and Industrial 

36. Psychology of handicraft. 

Ikdsa Sen, Delhi. 

The paper argues from the modem psychological conception of human 
nature and ex^rience how hcuidioraft is a necessary means for the mental 
growth of the child. Further, it shows the superiority of handicraft as an 
educarional means to the ordinary method of instruction in disciplining 
fundamental mdral qualities. The reason is that manipulation answers 
better to the needs of child nature. 

However, tne most important condition on which the success of 
handicraft as an educatibnal method depends is the attitude and 
atmo^here in which the work proceeds. ^ 

36. Relativity of ideas and notions and the reasoning of phildi^n, 
T. K. N. Mbnon, Baroda. 

Piaget, the great child psyohologirt, advances his theoi^ of Ego- 
oentrism to explain children’s reewBoni^. The present writer during 
1 933-36 investigated the correctness of his theory. This paper deals with 
one aspect of the investigation, viz. ‘Can children between 7 and 9 gtam 
the relativity of ideas and notions ? ’ If they cannot, as Piaget aiguea, is 
the failure due to Ego-centrism ? 
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The teats> as employed by Piaget after being modified to suit local 
conditions* were administered on 40 children. Applying the 75% success 
standard of Piaget, the group succeeded in solving ml the items fh both the 
tests. Even the incorrect answers did not show traces of l^o<oentrism. 

The quantitative analysis of the answers lead to the Allowing con* 
conclusions: {a) Indian children between the ages 7 and 9 do not 
experience any difficulty at all to grasp the relativity of ideas and notions. 
The age* which Piaget reports* is very high. (6) Piaget's claim that 
inability to grasp the relativity of ideas and notions is one of the chief 
obstacles to the development of children’s reasoning and that this inability 
is due to Ego^oentriam is not supported by the answers obtained in the 
case of Indian children, (c) The order of the stages in the evolution of 
the child’s notion of right and left as formulated by Piaget is different 
in the case of Indian children. 

37. Studies in work-types. 

H. S. Asthana, Lucknow. 

The paper reports the conclusions of a series of experiments conducted 
on work-types. Three distinct types were revealed. 

The curve termed A-type is short vnth little warming-up. Very high 
efficiency is displayecl in the beginning and the fall continues from there 
at a very rapid rate. In about the fotirth or fifth period the rapidity of fall 
slightly decreases. 

The B-type curve is longer liaving a period of warming-up and a 
period of high efficiency which extends to t>ie middle of the curve, after 
which the curve assumes the A-type fall. 

The C-type curve is unusu^ty long and hsm definitely a f>eriod of 
warming-up extending sometimes to the second period. It has an 
efficiency amplitude which is somewhat lower than the B-typo. After the 
maximal efficiency is reached, a slow and gradual fall sets in to continue 
till about the middle or two-thirds of the total work when the cuive 
assumes a plateau-like form of an extremely low efficienc^y for the 
remaining period. 

38. Some problems of morale of mill lal>ourers. 

Pars Rah* Lahore. 

The problem of morale is eeamtially the problem of a<U listing rural 
population, taking to factory work, to the new mode of life that the 
factory coiforceH on them. This can be solved only when manufid and 
mental activities employed in earning livelihood alee become a source of 
joy and recreation to men. At present there is a gulf tietween the pro- 
fessional and extra-professional activities of workers. The war situation 
has naeessitated production at high speorl and lias drawn attention b> the 
problem of morale. 

Factors wbich weaken morale are: modes of work and rest of villagers 
are essentially diiforent from those of the factory workers. Many villagers 
find it hard to work by the clocrk for a number of hours at a stretch unclar 
^pervision. Researt^hes in work and fatigue have made availalde certain 
ways and means by which this mala<ljustment can be removed. •Tealousy* 
lack of professional sense and the lack of informal social exmtaets in 
factories work against morale. 

Adult education* recreations, wise supervision and professional 
conferences of workers are some of the means by which morale can be 
built. 
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1. Vermiculite. 

W. H. Bates, Coonoor. 

The author’s object in presenting this paper is to urge geologists and 
others to search for vermiciuite ore in India. 

Vermiculite is described as being a form of biotite of mica. It is 
found in the form of small iiakes varying from pin head size to about 
one quarter of an inch in diameter and one line in thickness. 

When subjected to a high flame temperature it expands to nineteen 
times its original size. During this process moisture is expelled from 
between the numerous flakes and replaced by air, the expanded ore is 
sufficiently resistant to applied pressure to remain undeformed under a 
considerable load. 

The resistance to pressure is a necessary feature and so far there has 
been no discovery of an Indian ore which possesses this quality. 

The paper describes the insulating and other properties of vermiculite 
and also the first importation of vermiculite by Messrs. Bum & Co. Ltd. 
of Calcutta, the patenting of a method of expansion, and the subsequent 
erection of a modem factory which is now in successful operation. 


2. On an improved type of bottle silt sampler. 

K. K. Framji and G. S. Raisinghani, Karachi. 

Gerald Lacey in his ‘Stable Channels in Alluvium’ defined his new 
concept of an additional hydraulic variate termed by him as ‘silt factor’ 
and revised the fundamental flow equations for average silt transporting 
channels. Different methods and apparatus were, therefore, devised to 
study the chief quality characteristics of the transported mater^* parti- 
cularly the silt charge and silt gre^ie. 

The Bottle Silt Sampler was originally designed in 1934 for collecting 
sili-laden water of channels. The Binkley and Uppal types of Silt sample 
which came in use subsequently proved to be costly, complicated and 
cumbersome. It was, however, found essential that unlike the Binkley 
and Uppal types, the mouth of the bottle sampler should be left qpm 
under submergence for the minimum time to fill as otherwise silt coi:\^ 
omtration increases mth longer time interval for which the bottle remains 
open under submergence. 

It was, therefore^ necessary to provide an infallible device to know 
when the bottle gets filled so that its mouth may be closed instantaneoufriy. 
The bottle sampler has been provided with a make-and-break circuit 
device so that when the bottle gets full, an electric bell rings and 4)iie 
mouth is stoppered by releasing a spring. 

The device has been tried and found to be eflioient and useful in the 
work of silt sampling. 

The paper is accompanied with a blue print sketch of the Improved 
Bottle Silt Sampler and references have been quoted. 

( 186 ) 
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3. A now silt size determinative apparatus: silt mechanalyser. 
G. S* BiisiKGHANi; Karachi. ^ 

Silt analysis in connection with regime flow of channdbi is indispensable 
and a large number of silts has to be medbanioaUy ^ with a view 

to And the value for substitution in the Lacey formula. The paper 
describee an unproved and siinjple method of assessing wetted mean 
diameter of silts directly and rapimy. 

The silt meohanalyser has been devised cm the principle of passing air 
through a silt column and in continuation displacing water from a burette. 
The volumes of displaced water are correlated with w.m.d. 

A sufflcient number of silts of known w.m.d. by any acjcepted method 
of sUt analysis is tested by means of the silt mechanalyser and a sUtograph 
m plotted showing w.m.d. values versus the volumes of di^laoed watm. 
Knowing therefore the volume of displaced water of an unli^wn sample 
with the silt meolmnalyser, its w.m«d, can oonversely he obtained from the 
autograph readily. 

The necessary precautions to be taken while working with the silt 
mechanalyser have been suggested and the further scope pf work outlined. 

4. Tests on propeller pumps. 

S. Rajabaman, TrivandnmK 

Propeller pumps are being used to a very large extent in Travaneore 
for dewatering paddy flelds in the Vernbanad area where the flelds are at 
a level lower than that of the river. Tlie existing pumps are not vary 
efEicient and tests liave l>6en conducted witli various improvfonents and 
additions on tlte full scale pump as well as a dimeCuiionally homogeneous 
and dynamically similar model. The test results sliow a marked improve- 
ment in elflciency and certain interesting results have been deduced. 

5. Centering for R.C.C. slabs. 

S. Rajabaj^n, Trivandrum. 

The [japer deals with a metliod of centering for K.C.C. slal>s whicii 
lias been ailopted with success by the author diurlng the years 1037- 
in the construction of the Capital Buildings at hU>niput in the Prt>vmce of 
Orissa. 

liowt^ of |x)st8 are arranged on planks with wedges in lietween. 
Ledgers are provided over the fx>sts and cross joists are put in over tl»e 
iecigers. Planks are then placed over the joists and at right angles tii them, 
band tt* a thickness of about K is spre^ on the plank sitirCi|ee^ wetted 
properly, then plast^ired witli cement mortar and flttished smooth. Tlie 
surface is then oiled* The grill is assembled on the j^und, lifted up and 
placed in position and the slab concreted in the usual way. When 
the centering is removed a very firmootb surface is obtained on the under- 
side of the slab ami by this method of constructioii no treatment is ne oe ss ar y 
to the bottom of the slab. 

6. On the road of cOnwiant slope up a oonieal hilh 

S. NATARAjAiiy Trivandrum. 

(Geometrically, the problem of constructing a road of constant sio}i0 
roiincl a cjonical hill may be reduced to the following:— 

(>>tmider a line OA drawn from a point O and making an angle « 
with the horizontal piano through O. A right circmiar oone---height h 
and slant side L- is placed on the liorizontal plane so tliat OA is a tangmit 
to it at O. If the con© moves such that it is always in eonlaet with OA 
and does not slip on it, it js clear tliat the trace of OA on the cone is a 
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line of oonatant gradient on the curved surface. Further, in any |)Osition^ 

the piane^making an angle ^ with the horizontal and passing 

through OA ^ tangap.tial to the t^one. Thus, the cone may now be looked 
u^n as mov^ between these two plapes such that the bcise circle rolls 
without slipping on their lino of interse^on. 

Let the vertex of the cone come on the line OA when the base circle 
has made k revolutions (k may be integral or fractional). In this position, 
let A be the vertex, B the point of contact of the base circle with the line 
on which it rolls and C the centre of the circ^Ie. In the figure OABC, OB 
and BC are at right angles, and so also are OC and CA and BC and CA, 
Further 

» h, AB = I and OA = h coseo ct, 

OJ5 =s= *•)* and ^ 

fieqce the len^h of the trace on the cone ia A.ooaec a. .And the niunber 
of revolutions is given by 

k == — 2* sin*a)/(r-*— Zt®)-f-27rsinqc. 

Thus the pxPblem of constructing a road of constant slope up a cone: 
follows from very elementary principles of Geometry, 

7. Experimental researches regarding causeways with pipe 

vents in, sand foundations. ^ > 

S. P. Raju, Hyderabad (Deccan). 

Several causeways built by the Nizam’s P.W.D. on sand 

foundations with pipe vtots concentrated in the centre were damaged in 
the rains by deep scours formed at the sides of the ventways and under- 
lining the foundations. The problem was referred by the Chief Engineer 
and Secretary to Government to the author and through the investigations 
carried out a great deal of expenditure was saved. 

In case of flow through the veni^, the scours were due to vertical 
vortices generated by a strong jet adjacent to still water. When over- 
flowing, it was due to the vertical nappe falling over the sand being broken 
into two ‘ rollers’, the forward one carrying the sand away and the backward 
one initially heaping up the sand in the rear but eventually slipping. 
These scours were eliminated by introducing jets in the^ill water regipn. 

To reduce the period of submergence and lessen the inconvenience to 
the tralhc, methods were found by experiments to increase the pipe and 
weir coefficients, of the causeway. In order to reduce resistance offered 
by the guard stones as constructed at present, special streamlined guard 
stones were designed which have now been standard^^d in the Hyderabad 
P.W.D. 

8. Raw materials for ferro-alloys industry in India. 

Balaram Sen,. Jamshedpur. 

In this paper the manufacture of ferro-alloys in India has been 
advocated and stress is laid on Jthe importance of light metals and their 
alloys. Raw materials for principal ferro-alloys and their Indian sources^ 
are discussed. Possibilities of export trade of ferm-manganese, ferro- 
silicon, ferro -titanium, ferro -vanadium and ferro-zirconiutti have been 
envisaged, but economic methods of extraction of vanadium and titanium 
from the Indian vanadiferous-titaniferous iron ores must be found to 
meet post-war competition. Ferro -silicon must play an toportant part 
not only for the steel industry but for extractii^ magnesiuift from dolomite. 
Ferro-alloys fipom Indian chrome, tungirten and phosphatic ores are only 

13 
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just enough for meeting tlomeatio requirements. For ferro-mulybdemirn, 
molybtlenum ores must be found in India. 

Riiw materuds for ferro-alloys are mostly available in Northern 
India. Tlie industry should therefore be established close to the Iron and 
8t€>el Works. Muri Station, B.N. Railway, is a suitable siU^ ivs power can 
be developed from coal near Barkakana, or from Hundru falls trlose-by. 
Raw materials for light metals are also near. Opinion is expreesfsi that 
the iiiihistry may grow on the siiino lines as at Widnos, Fngland. 

11, Refractories for acid R(‘ssemor (V)nvert<‘r. 

H. K. Mitra, Jiuns))e(lpur. 

A<*id Bess^mier Converters are generally lined witli siliceous mat<>rial — 
mica schist, lirestono and soft fired silir'a brick. In MolcM-ting sili(*nous 
refractory, the emphasis .seems to have ht^en on tlie sili(*on cont/ent of the 
metal- Resistance airainst manganese oxide, ferrous oxide, an<i other 
ser\ i( c factors whi(di tend to afItM*t lining is important. An analysis of 
the serv’i(‘e fa<'tfOrs prevailing inside a <*onverter lias bof^n given. Fr<»m a 
(‘oiisideration of these, alumino silicate refractories with high alumina 
cuntcTit ha\'e been trie<l on the * s}>ou Ulcers ’ in plact* of mica schi.st at pr<»H(\nt 
use<l. Nose and gullet huvt* also be<m liofnl with fjtlier grades of alumin»» 
silicjvte refractoritM. Divta are also given for a trial with a cornpUd*^ brick- 
liiUHi \'essel. Advant>iges <‘laime<l for substitution of mica s<^’bist by 
refractory' brick are increastnl liiiir^g lih^ reduction of Mown tim»‘' for 
convert^ers witli consequent increase in sK'el production. 

10. Utilization of zinc wastes of galvainzing ]>lant. 

H. \\ S.VMANTA, JaTUsht'dplU'. 

A brief revievy is mad<^ as to the v arious ways of rerlaiming /,in<* wastes 
of a gahanizing plant, vvbieli are in the neighboi:rh<»od of of the 

weight of galvanized product.*^. A very good yidlow pigment was prepared 
fr »m zin(‘ ash after eiunpietely separating iron from ZnSO^ solution j»re 
loan'd h\' the action of sulphuric acid. <)\idation of ftTnms Hulf)hat<> 
was cffe<.* ted with K 2 Cr ()4 or with huIisim pumt pre<'jpjtat ion of 

iron as Fe{OH);^ with Na()H. By treating tfie irrm free ZiiSO^ 8<dution 
wdtli refjuisite strength of either Na2('r0.i or KoCrO^ Sidution, the ytdlow 
f)igrnent w’as [ire<*ipitati>il- From 7te7r»c^ of ZnO the asli was nss>\f»red 
in one ste]> in the form of pigment from tli«! zinc .sulphate solution. The 
data for ^.^overy' are giv'en and the merits and di'merits of iht* [iigment 
are iiieuHH^^<i. 

11. 'I'he sjM-ctrn-flieniica! analyHis at ’l ata HcHcarcli l.uhoratorx . 

K. C. Mazi mukk, . 

ddie tf?ehni(pie of Kf.KiHd.rf>-<‘bemienl analysis is being dm eloped at 
Tatii. A T‘ on -record mg micro-photometer is used for mea.suriiig the 
Jntensity of ffie spfs-iral lines. The per(‘enbige determination is dfme 
n the method of internal .starniard. The agrc'erneht with tiu' <diemi(‘al 
d*'t<-‘rm inati rm.s is gmod. When the metho<l ik adoptrsl for the routine 
test a coriBiderable fcpivdng of time will be effewMsi. 

12. FidTo-alloy industry in India. 

K. N. F. Rao, Jatnshcdpur. 

Indian induHthes have be<sn depending on hirc^ign f<uppli<ts of 

important ferro-alloys, such a.s forro-chrome, feiTfi-Kilicon, etc., but due 
tfie .situation brougld about by the war, a riuxlfjHt tw^girming haw bwn 
rnadfo Tlte ferro-alloy indtistrv in a vitsil accf^Haory industry and needs 

1 
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to be f>Nt on a permanent basi^. India is self-sufficient so far as ferro- 
rnangano^i is coneerned, hut the quality x>roduced is not quite suitable 
for the^ production of ‘quality steels*. 

The electric, furnace used in the x)roduction of the important ferro- 
alloys and tlie })roduction methods as well as the present state of pro- 
duction rogardinj^ ferro -tungsten and ferro -vanadium are described in the 
X)apor. The raw mfvtorials available in the eoimtry, the internal demand 
and the future possibilities have also been discussed. 

]‘h Heceiit imjX)rtant clevc^lopTnents in tho motalluruy of iron 
and stf^ol. 

d. S. Vatc^hao.handy, Ja7nslu?dj)or. 

The j)aper plans to (;o\ or briefly some of tho important developments 
in the held of iron and stool industry. The survey starts witii blast furnace 
and loads up to the manufacture of cast iron, tho different jirocesst^s of 
strol-making, rolling mills, heat treatment, and insf)ef‘tion and testing of 
iron and steed . The influence i)f steady fundamental and industrial research 
as well as tho impact of the contingencies of tlie war on t]i(» different 
phases of the industry have been shown. 

1*1 le rule of thumb methods are giving way to essential knowledge of 
thonuHl, chemical and physical phases of the iron and steel making 
o|:>(^ra.tions whicli has been put into the hanfls of the operator. In the 
field of heat treatment, tlie fundamental rosearclies on the nature of the 
tra-nsformation of austenite have clarifie<l the mechanism of the hardening 
of steel a knowledge whicli is being backed up by improved designs in 
fiirna.c.os, controlled atmospheres and modes of operations. Progress in 
met hods of inspec tion and testing has })een made along witli advancements 
in iron and steel manufacture as well as with tlie develoj^ments in the 
field of physics and chemistry, su<di as spoctvosropy , radiology, electron 
uifti'action met hods, ultrasonii'.s, electron microacojies, etc;. 

14. T]\e fotindry cupola: liigh duty and special cast irons. 

V. S. Ganesh Tv AO, Jams]Kod])ur. 

The payier deals on cuyx la design and construction witii s^iecial 
reforeiK'e for the maniifacturo of different types of high grad© cast irons. 
The general description of the manufacture of high duty irons is given for 
straight cast irons, inoculated irons, and alloy cast irons. It mentions 
tht‘ s])ecial cast irons for wear, heat and corrosion resistance, the alloying 
elements being cop^ier, aluminium, nickel and chromium,. The general 
princi])les for the manufacture of ohilled castings, white-heart, malleable 
and non-magnetic eastings in the foundry cupola is also mentioned. 

15. Some oxpt'riinenta in lift irrigation in Travancore. 

V. V. Gopai.akbishna Ayyar, Trivandrum. 

l^ift irrigation has neon yiractised in Travancore from the jiast, but ^ 
only manual lifting with Picottahs frgm wells or other water sources i®* 
commonly employed. Tlie physical features of the ( ountry afford facilities 
for |)ower lift irrigation for intensive paddy cultivation on a large scale. 
The rainfall is heavy. So it is necessary only to supplement this natural 
suyiply of water by pumping during the dry season. 

With the inauguration of tlie Pallivasal hydro -elec trie project electrical 
energy has been made available within tho State itself. So it was decided 
to conduct some experiments in paddy cultivation using electric lift 
irrigation methods and investigate the possibility of introducing the 
scheme on a large scale. 

Experimental cultivations were taken up during the years 1941-42 
and 1942-43, over 83 acres in the Ist year and over 989 acres during the 
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second year. They covered both the cultivation seasons, the Miindakan 
crop from October to January and the Punja crop from February to May. 
Complete data were collected regarding duty of water, rainfall, cultivation 
charges, usage of current for pumping, yield of paddy, etc. The results 
have shown that it will be profitable for* the ryots to employ electric lift 
irrigation methods for intensive (Miltivation and that the scheme may 
be able to pay its way ultimately and that it will be advantageous to 
adopt lift irrigation methods in other places also where natural facilities 
exist . 
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1. LATE ABSTRACTS 


Section II, Physics. 

36. On the activation energy of chlorine ions in alkali chloride crystal. 

H. N. Bose, Calcutta. 

In polar crystals (Wj) the work necessary to remove a negative ion from the 
interior of the crystals to a point outside the crystal is different from Wj. the 
lattice energy by an amount e<p. This paper deals with a method of determining 
this Wl from measurements made on the spectra of the atoms concerned. 
The values obtained in this way for Cl ions in NaCl and KCl crystals are compared 
with the theoretically obtained values of Mott and Littleton in their second case, 
Lc., when all the ions are allowed to move to their new positions^ of equilibrium. 
The difficulties and limitations of the method are also discussed. The result seems 
to lead to a very important conclusion. 

Section III, Chemistry. 

142. Light absorption of nickel acetate and nickel perchlorate. 

K. Vekraiah and M. Qureshi, Hyderabad (Deccan). 

Light absorption of nickel acetate and nickel perchlorate in aqueous solutions 
has been studied spectrophotometrically in the visible region between 430 mfi and 
760 rii/i at different concentrations. In the case of nickel acetate, the molecular 
extinction co-efficient curve shews continuous absorption in the violet region and 
a maximum absorption in the red at about 715 m/i. Dilution of the solution results 
in an increase in the molecular extinction co-efficient at all wave-lengths, but 
this increase is more marked in the region of maximum absorption at the red end 
than in the region of continuous absorption at the violet end. The effect of dilution 
has been explained. In the case of nickel perchlorate, the general form of the 
absorption curve remains the same as wdth nickel acetate, but there is a distinct 
shifting of the band maximum towards shorter wave-lengths on dilution. The 
comparison of the curves of the two salts brings out the influence exerted by 
the anions on light absorption, 

143. Photochemical formation of ' hydrogen peroxide from * water. 

* • * 

Part I.— With zinc oxide as a photosensitiser. 

C. Narasimha Chari and M. Qureshi, Hyderabad (Deccan). 

The photochemical formation of hydrogen peroxide from water with zinc oxide 
as a sensitiser has been studied in detail both in sun-light as well as artificial 
ultraviolet and visible light. The yield of hydrogen peroxide increases ip the 
presence of some organic compounds which presumably act as stabilisers. Of the 
nine organic substances employed for this purpose, phenol was found to be the 
best. An increase in the amount of zinc oxide produces a corresponding increase 
in the reaction rate which, however, tends to ir limit with a constant inten.sity of 
light. From the increase in hydrogen peroxide with time, it has been concluded 
that the order of the reaction lies between 0 and 1. An increase in the />H has 
been found to increase the yield of hydrogen peroxide. It has been found that 
the photosensitive range of zinc oxide extends up to the violet, although from a 
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study of the absorption spectra of zinc oxide Goodeve came to the conclusion 
that the photoactive range lies in the near ultraviolet {>330 m/i). 

The photosen sitising activity of zinc oxide, prepared by different methods, has 
been studied and it has been found that zinc oxide, prepared from carbonate by 
ignition, has the greatest activity, 

» 

144. Autoxidation of vegetable oils. — Part I. Niger seed oil. 

T. V. SuBHA Rao and G. Gobala Rao, Waltair. 

Niger seed oil is a seini-dryiug oil used as an edible oil and to a liniited 
extent in the preparation of paints. The deterioration of niger seed oil on storage 
in the dark and the influence of sunlight on the rate of deterioration was studied 
by determination of the peroxide value, KKiine value, refraction index, acid value 
and diene number. It was observed that niger seed oil undergoes autoxidation in 
the dark, and it was accelerated by sunlight. The increase in peroxidative 
rancidity w'as accompanied by a simultaneous decrease in the original orange- 
yellow colour of the oil. The reaction progressed in the dark even alter removing 
the source of illumination showing photochemical after effect. There is an inc^eai^c 
in the viscosity of the oil, with a simuitaneons fall in iodine value and a sliglu 
rise in diene number, ix)inling to the formation of conjugated double Ixind 
polymers. A slight increase in acidity value was also observed. The natural 
colouring matter acts as an antioxidant and is preferentially reacted when the 
oil is exposetl to light. I'urther work on the oxidative rancidity of otlier vegetable 
oils and the influence of external agencies such as light is in progress. 

145. Synthesis ^)f i: 2-di-/>-Methoxyi)hcnyl-ey£:/ohexanonc. 

Sunil Kum.'VR Rav and D. K. Banerjke, Calcutta. 

In the expectation that 1 ;2-di-^-hydroxyphenyl-Ai‘^3'*''^t^hexene and the corres- 
ponding reduced dihydro flerivative may prove to Ijc valuable synthetic oestrogeni- 
cally active compounds, the diniethylethers of the above two substances iiave 
been prepared. 

Totassio-derivative of ethyl j^-metho.xyphenylcyaiiacetate was condensed with 
ethyl 3 -i(xlovalerate when diethyl a -cyano-a-/>-metlioxyplienylpimelaie, b.p. 
215^220°/ 6nim., was obtained in good yield. The crude dil^asic acui, obtained by 
the hydrolysis of the above pimclic ester derivative by prolonged refluxing witli 
concentrated hydrochloric acid, wa.s esterified by the alcolkd-sulphunc acid metbofl. 
Diethyl a -p-methoxypheriylpimelate b.p. 206^208^ /6mm . , ‘'thus obtained, was 
cyclised by means of scKlium dust in dry l.)enzene, but as the resulting /i-ketonic 
ester could not be distilled without decomiK»sition the crude product was liv<lrolysed 
by refluxing witli 20% sulphuric acid. 2-p-AIcthoxyphenyhyr/i>liexanoiH* winch 
passed over as an oil on di.stil!atiou in vacuum, solidified on standing and melled 
at 96^. Grignard complex, prepared from />-bromoanisole and magnesium was 
reacted with the above ketone and tVie ci;ude carbinol thus obtained, v\as dehvdraieil 
by heating with fused potassium hydrogen sulphate at ISO*^ to yield 1 :2-di-/*- 
methoxypheiivl-/j^*-ryt'/ohexene b.p. 210 — 2l2^-^/5*5inni. On hydrogenation of the 
above misaluraled coniixnind over .Adam's catalyst 1 -uietlioxyidienybc yc /o- 

hexane, b.p. I97~ 2h0'^/4mm., VNas obtained in ciuantitative yield 

146. A new technique for the chemical estimation of thiamin. 

Basik Ahmad and Gargi Bharihoke, Lahore. 

The ( ssential difference between the original method of Jansen and the new' 
method is the use of etlivl alcohol in the presence of KjCO,. Thiochrome can 
be extracted satisfaclorilv witliout using Lui-liutyl alcohol. Re?»ults obtained by 
using ethyl alcohol as a .solvent for thicMrlirome were within the experimental 
error. Jht recovery test.s were also sati.sfactory. 

147., An improved technique for the* estimation of nicotinic acid. 

Bashir Ahmad and Amar Na'IIi Sharma, Lahore. 

Different methods of the colorimetric estimation of nicotinic acid were carefully 
examined using yeast and urine as experimental materials. Over 20 new amines 
were studied and it is found that aniline with hydrcndtloric acid gives the ImshI 
results. Between pH 4 and 5, the maximum intensity of the colour i» develo|>ed 
and it i.s stable for three hours. The time of devek^pment of colour which is 
bright- yellow is only 15 minutes. 
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148* Syntheses of acridine derivatives related to atebrin and acriquine. 
Ram Singh and Gurbakhsh Singh, Lahore. 

Atebrin and acriquine, so very well known anti-malarials, are the araino-alkyl 
derivatives of 9-amino-6-chloro-2-methoxy acridine. So far no investigation of the 
aryl derivatives of the same acridine has been undertaken. Therefore a number of 
compounds of the latter group have been prepared by the interaction, in the 
presence of phenol, of 6 :9-dichlpro-2-methoxy-acridine with the following amino- 
ctnnpounds. — o-, m- and ^-toluidiiies, chloro- and nitraniliiies, anisidines, pheneti- 
dines, dimethyl and diethyl cimino-anilines and phenyl hydrazine, /?-amino acetanilide, 
2 ;4- and 2 :5-dichlor-anilines, o-iodoaniline, o-bromoaniline and /i-naphthylaniline. 
Besid'es, such compounds as piperidine, cyciohexylamine, urethane, glycine, and 
alanine have been successfully condensed with the acridine. 

Attempts are being made to get their antibacterial nature tested. 

149. Synthesis of substituted diamino-acridines. 

Inder Sen Gupta and M, L. Aggar'wat, Lahore. 

Rivanol and Proflavin {I.X)th diamino-acridiiie compounds) and 5“amino-2 chloro- 
acridine monohydrochloridcs are good antiseptics. The fact that the latter, with 
chlorine in the acridine nucleus, liave very high bacteriostatic capacity led us to 
synthesise new substituted diamino-acridines with chlorine in position 4. For this 
jmrpose m-chloro-aiiiline was condensed with 2-chloro-5-nitrobenzoic acid. The 
condt iisation ])roduct on ring closure with phosphorus oxychloride gave 4 *5- 
dichloro-7 nilro-acridine. This was further successfully condensed with the following 
amines : — 1. Aniline. 2. p- anisidine. 3. f)-chloro-aniline. 4. in~ chloro-aniline. 
5. 2 :5-dichloro-aniline. 6. 0 - bromo aniline. 7. p~ Bromo-aniline and 8. o- lodo- 
aniline. 

The nitro-conipounds formed above, were reduced to the corresponding diamines. 
For their antiseptic properties, the drugs are yet to be tested. 

150. Characteristics of ricinus lipase and its effect on the rate of hydro- 

lysis of different edible fats. 

Bashir Ahmad and R. N. Sarim, Lahore. 

Ricinus lipase, the lipolytic principle of the castor-bean, has been isolated and 
studied intensively. It is found that (a) the optimum tl-ion concentration lies 
between pll 3.6-4"2 and not between pii 4. 7-5.0, as reported in earlier literature. 
Jt has also been found that H-’ou concentration is independent of the nature of the 
substrate. (0- Optimum temperature has been found to lie near about 25°C and 
has also been found to be independent of the nature of the substrate. 

Certain improvements have been made in the technique ^of the (.f^l^'t'mination 
of lipolytic activiy. The relative digestibility of 35 samples* of vlifferent, natural 
and artiticial ghees, vegetable oils and animal fats, have been studied. For vege- 
table oils, the following order of decreasing digestibility has been observed, coconut 
oil, kadoo oil, seasame oil, almond oil, and cotton seed oil. Among the animal 
fats the pig tallow has been found to be the most easily digestible. 


Section IV, Geology and Geography. 

19. Contributions to the Geology and Petrology of the G. R. * Formation 
and Associated Rocks. 

C. S. PiCHAMUTHU, Bangalore. 

The area described in ti% paper lies at the extreme north of the Mysore 
Stale, and forms the northern end of the Chitaldrug SchivSt Belt. This is an 
interesting area since there have been differences of opinion regarding tli^. struc- 
ture of the area as well as the mode of origin of some of the rock types, and also 
because the rocks are some of the least metamorpiiosed and bear a close resem- 
blance to those in the type area of Dharwar. 

In 1936 , the author visited the area during the course of which current bedding 
was discovered in the sandstones. A preliminary account of the geology of this 
area was given before the Faster session of the Indian Academy of Sciences in 1940. 

The paper gives a description of the rocks of the area which comprise chlorite 
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schists, clays and shales, vSandstones^ quartzites, ferruginous quartzites, HmestoncwS, 
traps, quartz porphyry, and dolerite. 

The paper ends with a discussion of the structure of the area, and is illustrated 
by a sketch map and photographs of outcrops and handspecimens. 


Section VI, Botany. 

55. A new root parasite of the tomato plant. 

Moses Ezekuol, Bombay. 

Sopubia dclphinifolia has been found to be a parUvsite on the Tomato plalit. 

56. Abnormality in Musa paradisiaca L. sub sp. Sapicnium. 

A. K. Ghosh, Calcutta. 

Ah abnormal banana plant producing a large number of inflorescences from 
the same plant was collected from village Horkhali, Dt. ^lidnapore, Bengal. 

The morphology of these inflorescences is discussed in this paper with illii.stra- 
tions, and the previous records of abnormality in banana are reviewed. 

57. Observations oti the vegetation of Tripura Hill Tracts along the 

borders of Bengal and Assam. 

Kalip.\i>a Biswas, Calcutta. 

A detailed study of the plant community was undertaken in the 'I'riptira hill- 
tracts along the Ixnders of Lushai Hill within the native states of Ilis Highness 
the Maharaja of Tripura, 

The general feature t)f the vegetation of the area is more or loss a denuded 
and open association of various ecological types of a rain forest, riiese types 
represent associes of different storeys of vegetation due evidently lo extreme 
jliooniing and exploitation of forest trees in different areas by the hill tribes. The 
total number of plants collected in this area are of which l’liantT<»gaius- 539, 
Tern .s— 21 and Fungi— 18. 

58. Edible and Medicinal Plants of Burma and Assam. 

Kai.ipada Biswas, Calcutta. 

The Kaslern .\rniy is much interested in the edible and medicinal t»lants parti- 
cularly the latter as a result of their experience of starving hundreds of evacuees 
from Bnrtiigi in tlicir terrible trip to India either from the Manipur side or thniugh 
the Hukum Valley Tightly called “the valley of death” 

A .systematic list of species together with short notes f>n the use^ of the 
different edible parts of the various species of plants is given in the [)apcr. 


59. A podostcinad from Kuinaon (Central Himalayas). 

A. C. JosHi, Benares. 

A podostemad has been collected for the first time from Central Himalayas, 
from the lAd of the river Kosi near Chaiiauda, al>out 15 liiiles from Almora ami 
at a height of 4,500 ft. it belongs to the genus iUcylauidium Tul. and appears to 
be a new species of this genus. 

Oo. Abnormal male flowers with vestigial ovules in Ephedra intermedia 
and their significance. 

’ * P. N. Mehra, Ealiore. 

Abnormal hermaphrodite flowers are reported for the first time in a species 
of Hphedra. These consist of the usual two perianth leaves, followed by stamen- 
stalks bearing bilocular sporangia at the apex. The total numher of sporangia 
may be 5 or 6. In the centre is present an immature ovule, d'lu* general construc- 
tion IS like that of the male flowers of Wchvitschia. The significance of these 
observations is discussed. 
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6 i. The cytosome in the pollengrains. of Ephedra. . 

P. N. Mehra, Lahore. 

Two unusual types of bodies are found in the body cell <^toplasni of the pollen 
grains of Ephedra. This has been observed in six species. One kind of bodies are 
spherical and are provisionally termed splierules. TliCvSe occur invariably and dis- 
aj)pear in fixatives containing acetic acid. The others are spindle-shaped and are 
tenned spindle lx>dies. * 


Section VII , Zoology and Entomology . 

85. A new specie.s of the rare genus Pseudechinosiomum Odhner from 
Nettion crecca crecca. 

R. K. Mehra, New Delhi. 

* • 

Pseudechinostomum iridicus n. sp. is described in this paper obtained from 
a common Indian Teal. It differs from the known type species, besides variations 
in the size and shaije of the different organs, in the following characters. — 

(i) Presence of a few extremely minute spines on the collar-lappets. 

(/i) Absence of spines in the acetabular and post-acetabular regions. 

{Hi) Complete absence of prepharyuse. 


86, Honnone.s in insects ( ?) 

P. J. Deoras, New Delhi. 

Of recent years much attention has l>een attracted l)y entomologists towards 
the ])rol)lem of endocrine secretions in insects. It is not yet definitely known, 
whetlier there are incretary activities in insects, similar to those found in verte- 
brates. K<jllar, Kopec, Fraerikel, and to a large extent Wiggleswoith have shown 
that tliere are certain glands in the insects which could be supposed to have an 
incretary activity. Of these glands Corpora allata is supposed to secrete certain 
substances which have a definite effect on moulting and metamorphosis. Tlie 
author while working on the morphology of Trichoptera, has found a great correla- 
tion between the size of the Corpora allata and the sex glands. Similarly ligaturing 
the maggots of Sarcophaga sp. and Musca sp. gave the same results as seen by 
I'raenkel in CalUphota crythrocephala. The work is proceeding. , 

S;. On the hi.stological structure of the rnidgut of mosquitoes. 

Rajindar Pap, New Delhi. 

No attempt has been made so far to study the histological or i>hysiological 
differences which may be present in the stomach of various species of mosquitoes 
and which may be the direct cause of the failure of the malaria parasite to complete 
its sporogonous cycle. 

The histological structure of the midgut of four species, namely, Anopheles 
cnlict'/acies^ A, stephensi, A. st^bpictus and Culex fatigans, has been carefully studied, 
and no marked histological differences have Ix^en found among them. The detailed 
structure appear.s to be the same as described by Grassi (1901), Christophers (1901), 
and Nnttal and Shipley (^903 for A, macuHpennis, Mg., except for the peritrophic 
membrane. This membrane which ac^^ording to some wwkers is absent in adult 
mosquitoes has been found in all the species examined. It is concluded that the 
histological structure of the inidgut does not seem to influence the development 
of malaria parasite in the different species. Certain other physio-chemical factors 
such as pH concentration, etc., may probably prove to have an important effect 
on the development of the malaria parasite. These are l>eing studied. 


Section VIIT, Anthropology and Archaeology, 


22, Stone Age finds from Kandivli, near Bombay. 

A. S. KaIvAPesi, Bombay. 

I had the opportunity to collect a few specimens from Kandivli. The site is 
just near the back* of the Hill whereon now stands the Physical Culture Institute, 
The finds were extracted from gravel and clay deposits. * 
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Of the seven finds that I possess three are important. One of these {No. 1) 
is an ovate handaxe. It is about 6" long and broad and V' high and made out 
of a fine-grained brownish quartzite. Its condition is fresh, Though the edge 
appears more blunt. On one side it is flaked all over. 

The other two (Nos. 2 and 3) are flakes. Both are slightly rolled a,*id yellowish. 
The first (No. 2- is like a right-angled triangle. It has a clear under-surface. 
The upper-surface bears unmistakable signs of chipping. The flake might have 
been used as a scraper. The second flake (No. ‘3) is like a miniature handaxe in 
shape. Subtriangiilar in sectibii, it is polysided, four of which are smooth and 
flat. This flake could have been ^used as a chisel. 

My handaxe resembles slightly the ovate hatulaxes collected by Col. Todd from 
the same area and it also resembles in shape and technique the one found by 
the Gujerat Prehistoric Expedition in the Savarniati Valley. 

Section X, Physiology. 

23. Innervation of the uterus and the female generative tracts : A 
comparative anatomical consideration. 

G. K. Ghosh, Patna. 

The problem has Ix^en approached by a comparative anatomical survey of 
Man, Primates, Rodents and Carnivora. The method used, lias been water infiltra- 
tion dissection with the help of low binoculars and dissecting microscopes. The 
morphological features have been compar€*<l and corelated. 

From a consideration of my observations the billowing conclusions emerge. 

(1) In the Primates, the body and the lower part of llie uterus receives only 
the sympathetic supply directly from the Hypogastric plexus, while the vagina 
is innervated by branches from a ganglia situated in the Pelvic or Inferior 
hypogastric plexus, which receive, lx>th the sympathetic and parasympathetic fibres. 
This is also true in the ca.se of the Rodents and the Carnivora. 

(2) In man, the hypogastric plexus liefore it j<iins the pelvic plexus, sends 
2 or 3 branches which pierce the broad ligament and sup[>lies hranches'^to the“ 
fundus, the liody of the uterus and the fallopian tubes. Well marked ganglia 
(Frankenhausers) are situated in the cranial part of the pelvic plexus and sends 
branches to the cervix and tlie upper part of vagina. 

(3) The caudal pan of the vaginal tract receives branche.s from the jnulendal 
nerve. 

(4) h is suggested that the dual nature of the nerve supply in the uterus and 
the generative tract — sympathetic in the upper segment, and mixed sympathetic 
and parasympathetic in the lower segment is Ci*relaled wdth the difference in 
nature of the function of the.se two segments. 


24. The effect of ions on the impedance, jicrmeability and excitability 

of iinstriated muscle. 

IxnKkjFf vStnyui and (Mrs.) Si^nita Indkrjit Singh, Allahabad. 

The impedance of dog stomach and fr<»g rectus alKlominis was measured by 
means of a wheatstone bridge using alternating current (FKK) cv(des/sec.) and 
chlorided silver eleclrodrs. Cations calcium (up to 01 M CaCl,.), potassiuTii (up 
to 015 AL KCl), hydrogen ions (from piJ 8 to pU 5), magnesium (0 8 M TtlgClJ 
increased the impedance of frog rectus, but in dog stotuach only calcium and 
hydrogen ions had similar effect. The anions <lecrease(l the impedance of lK>ih 
muscles in the order Cl<Br<N 03 <I<SC.\, hut in frog rectus an opposite effect was 
also produced. Barium and calcium also liad dual effect on frog rectus. The 
increase in resistance was as.sociated witli contracture. These results are in 
agreement with diffusion experiments. The exciting power of ions varies as 
tiieir penetrating power, and they diminish the excitability to electric current and 
increajfe that if they increase the permeability to cliemical stimulation. Thi.s is 
in agreement with the permeability theory of Lillie as regards chemical stimula- 
tion and those of Nernst and Hill, as regards theories of electric .stimulation. 

25. State of nutrition of Punjabis in relation to Thiamin. 

Bashir Ahmad and Garc.i Bharihokk, Lahore. 

Diet surt^ey of 26 diflerent families and 12 individuals of Punjab has l>eeii 
made with respect to their thiamine intake. The thiamine intake was calcnlat^^d 
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on raw as well as cooked food basis. It was found that on r.aw basis the value 
was between 689-35 //g per day to 3726-7 and on cooked basis it was between 
333*96 /xg per day to 24M*()5 fig per day. 

Thiamin excretion in the urine of 26 individuals was estimated on different 
days and the vMue was found to vary from 346-7 /xg— 1212*12 /xg per day. 

36. Thiamin content of wlieat jmd wheat ]>roducts. 

Bashir Ahmad and Gar(H Bharihoke, Lahore. 

Eight different varieties of the wheat of tlie I94M2 crop and 16 varieties of 
the 1942-43 crop were studied for their thiamin content and it was found that the 
1942-43 crop was richer in thiamin content than the 1941-42 crop. The value 
varied from 4 fig/gm—5 /xg/gm in the case of 1942-43 crop and 2-56 ^g/gm-4-59 
fig/gm for 1941-42 crop. 

Besides this the three different varieties of flour milled in three different warys 
namely H) from hand driven chakki, (U) from roller mill and {Hi) from power 
driven chakki, w*ere also tested for their thiamin content and it was found that 
the flour made from hand-driven chakki was richer in thiamin content than the 
roller milled flour or the power driven chakki flour. 

27. Calcium and Phosphorous studies in relation to nutrition of the 

poi)ulation in the Kangra valley. 

•Bashir Ahmad and Baxarsi Das Naraxt;, Lahore. 

Abnormalities of calcium and phosphorous metabolism in the Kangra Valley 
are well known and this constitutes a serious health problem. Total calcium, phos- 
jdiorous and ifliytin content of all important cereals has been determined, and 
the calcium, phosphorous ratio of the available minerals in their typical diets has 
been determined. This ratio is found to be below 02. Hence the ill effects are 
obvious. 

Experiments have also been conducted on rats to see the effect of the typical 
diet of the Kangra Valley, with regard to the growdh and the retention of calcium. 
Both growth and calcium retention was poor in this diet. When the diet was 
supplemented with calcium lactate, almost double the rate of growth and improved 
calcium deposition in the bones could be recorded.' * 

28. Vitamin C in pine needles. 

N. K. Tvkngar, B. C. Bo.sk and B. Mukerji, Kasaulj/ Calcutta. 

The search for cheap natural sources of vitamin C resulted in the discovery 
that Rose hips has a very high vitamin content of the order of 100 — 400 mgs. 
per 100 grams. Scientists in the Soviet Union have succeeded in preparing 
vitamin C concentrates from pine needles. Data regarding the vitamin C content 
of pine needles are not available. 

A detailed investigation on the vitamin C content of pine needles available 
in abundance in Kasauli has l ecn undertaken. Eiii^ leaves fresh from the^ plant 
after removing the dried 4 >ortions at both ends, were found to contain between 
WK) to 150 mgs. of reduced ascorbic acid (vitamin C) per 100 gins. The dried 
leaves collected from tin* ground was found to be poor in vitamin C, containing 
alxnit 30 mgs. per 100 grams. The needles from young plants were found to (‘ontain 
al>ovit 150 mgs. on an average. 

As it is now’ established that ascorbic acid is biologically active in the following 
forms : (1) Reduced ascorbic acid. (2) Reversibly oxidized ascorbic acid, and 

(3) Combined ascorbic acid. The pine needles* were tested for the presence ofWl 
these forms of vitamin C, It was found that ascorbic acid is present in the 
reduced form only as the total ascorbic acid and reduced ascorbic acid were equal. 

The edibikity of extracts of pine needles is not known and hence 1)e£ore 
recommending this for human consumption a study of the acute and chronic 
toxicity on animals has been carried out. 

Tlie stability of tire vitamin C in the extracts, and the effect of the addition 
of cane sugar, to the extract have also been studied. • 

2 
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29. Prolactin and its bioassay. 

B. C. Bosk, N. K. Iyengar and B. Mukkrji, Calcutta /Kasauli. 

The international standard for the lactogenic hormone of the anterior pituitary 
lK>dy was established by the Permanent Commission on Biological Standardization 
in 1^8. Since 1939, this standard is being distributed by the National Institute fot 
Medical Research, Hampstead, Ivondon, undef the name of Prolactin, Galactin or 
Mammotropin. This is available in the form of tablets of 10 mg. representing 
10 Riddle units per milligram of the powder. 

The assay of this hormone is carried by determining the degree of stimulation 
of crop-glands in different groups of pigeons or ring-doves by unknown samples 
and then comparing this with the corresponding effect produced by the inter- 
national standard. The degree is measured by the increase in weight of glands. 
The accuracy of the method depends on the correct dissection of the glands which 
is not always very easy to demarcate in normal birds and for which detailed 
instructions are not available in the literature. The pre.sent w’ork establishes a 
correct technique for this Laboratory with the help of morphological differences of 
normal and proliferated glands for enabling the assay of unknown samples in this 
Laboratory. A dose-response curve worked out with the international standard is 
also given for reference and guidance of future Indian workers on the subject. 

The investigation carried out on 80 pigeons of mixed breed and sex and of 
150 to 300 g. body-weight with 7 series of dosages of the international standard 
concentration of solution : 1 in 1000 (/>H 8-4) given in 2 intramuscular injections 
per day for a period of 4 days produced a maximal effect of .325 per cent stimula- 
tion of glands in a dosage of 2 units MOO g. weight of the bird. For assaying 
sarnples at an optimum snbmaximal level of 200 to 225 per cent increase in 
weight of glands, a total dosage of 8 to 10 units per bird of 2.50 g. on an average 
was found to be a most suitable one. From the nature of the dose response 
curve and the standard deviation figures, it appears that unknown! samples could 
be assayed with a fair degree of accuracy on groups of S to 10 pigeons with an 
allowable margin of ±25 per cent. 


30. ObservMtion,s on the assay of insulin by the rabbit method. 

N. K. Iyengar, B. C. Bo.se and B. Mukerji, Kasauli /Calcutta. 

The rabbit method of Insulin assay introduced by Marks is based on the 

observation of the fall in blood-sugar of rabbits after the injection of Insulin. As 
the percentage of blood-sugar reduction depends on the initial blor/d-sugar. the 
fasting blood-sugar of 40 rabbits of mixed breed, color and sex have been deter- 
mined. The average value has l>een found to l>e 118 rngs./lOO c.c. 

In testing Insulin, the dosage employed by Furopean workers is 0-5 unit per 
kilo, while the American w^orkers use a dose of 1 unit per kilo. On account 
of this difference in the dosages, a dose-response curve, for rabbits in India has 
been worked out.^ From a reference to thi«i curve, it has been found that a dose 
of 05 unit per Kg. is <iuitable since this dose produces submaximal effect and is 
also in the^ region of proportionality betw'een dose and effect. 

The British w’orkers bleed at hourly inten^^als for 5 hours and determine the 
blood-sugar in the pooled sample, whereas the American workers bleed at intervals 
of 15 ^,* 3 and 5 hours after injection and estimate the blof)d-sugar in the pooled 
sample.* The difference in response as *measured by the two different intervals 
of bleeding has l>een investigated. 

It is suggested that the American intervals of bleeding l>e adopted in assaying' 
Insulin samples, since this involves a smaller number of bleedings. As the same 
procedure is adopted for rabbits injected with standard Insulin also the accuracy 
or estimation of the potency of unknown samples will not l>c affected. 


31/ Detection of jiyrogens in fluids hy liiological methods. 

B. C. Rose and M. D. Atiuja, Kasauli. 

When ^lutions are prepared for parenteral injection it is essential to detcr- 
. method of preparation ensumes the absence of pyrogenic 
Tw K , purpose two biological tests are generally recommended 

*hyperpyrexial and leitcopenic reactions in rabbits following intravenous injec- 
n ot the solutions to be tested. The present work is a critical .studv of both 
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the methods on a wide experimental basi.^ with a view to find out the more 
suitable of the two for adoption in routine assay of samples in this laboratory. 

From an investigation on the normal hourly and daily range of variation of 
rectal temperatures in rabbits it was found that by strict attention to certain 
details of technique the maximum and minimum temperatures recorded in a scries 
of 100 rabbits were between 102-2®F. and 100-5°F. The average hourly variation 
for 100 rabbits was found to be 0‘2°F. When stretched over groups of 5 rabbits 
this did not exceed 0-5®F. Ihe day to day variation in any individual rabbit 
during the period of observation did not exceed 0'6®F. These variations are much 
less than what has been previously indicated by other workers. / 

After establishing these normals, a sample of strong pyrogenic water was 
submitted for bacteriological studies and 2 strains of pyrogenic organisms isolated 
from it— one aerobic, non-chromogen ic ; gram negative, non-motile, non-sugar fer- 
menterbacillus belonging to the achromobacterium group; and the other aerobic, 
chromogenic, gram positive, motile, acid producing bacillus of the type of chromo- 
bacterium prodigiosum. Redistilled water cultures of each of these 2 strains of 
pyrogenic organisms suspended in normal saline at a strength of 25 million 
oi^g^isms per c.c. and autoclaved for 1 h. at 120°C. were tested for their com- 
parative hyperpyrexial and leucopenic reactions on II rabbits. Injecction of the 
above suspensions in a dosage of 1 c.c./ 100 g. weight of animals produced a 
definite pyrexia of 1-5°F. and 1-0°F. respectively. There was a reduction of the 
leucocyte count in the same after injection of these fluids but the fall did not 
exceed 17^ and 2343 respectively per cu. mm. on an average, the normal daily 
variation in the same rabbits before injection being 1000 and 1600 respectively. 
In no case, a fall of over 400 per cu. mm. in W. B. C. count, which is considered 
Chapman as an index of pyrogenic response, was observed in our experiments. 

It would thus appear that while the hyperpyrexia test was found to be a 
reliable and delicate method of pyrogen estimation the leucopenia lest was unsuit- 
able for this purpose in our experiences. 

32. Investigation with blood phosphorous. 

Bashir Ahmad and K. B. Sehra^ Lahore. 

Over 100 normal and pathological bloods have been studied for their content 
of different fractions of phosphorus, namely, (a) preformed inorganic phosphorus, 
{b) Adenosine triphosphate, (c) hexose diphosphate, (d) hexose monophosphate' 
(e) Glycerophosphate, {/) Acid soluble phosphorus, (g) Lipoid and nucleic, acid 
phosphorus and (h) Total phosphorus. Norms for these have been established and 
observations have been made on the changes occurring under different pathological 
conditions. ^ 


33. Suprarenal cortex and carbohydrate metabolism. 


A. M, J. Shirazi, Madras. 


After establishing that a relationship does exist between suprarenal cortex 
and carbohydrate metabolism, an attempt was made to establish the link between 
the two. 


The thyroid-adrenal mechanism which is supposed to increase glycogenolysis 
was eliminated by studying the effect of cortin on thyroidectomised animals mad 
ergotamimsed animals Then the exogenous source, which has been enfph^ised 
jn recent years by Verzer and his co-workers, was eliminated bv starving the 
^imals for HO hours, and till the blood sugar and liver glvcogenVose to a very 
high level. Dambrois, Anderson had suggested lactic acid resvnthesis as the source 
of sugar; this theory was found to be not tenable as there was no chance 
for the lactic acid of blood to increase. The liver glycogen was found to rise after 
a fast of no hours when ketosis would be at its height. From this and other 
literature it has been concluded that probably cortex is related with gluconeogenftsls 
A suggestion has been made that cortex prepares the energy for the tissues* 
phosphorylated glucose, or ketones; while insulin helps their 
utilisation (that is actual combustion). It is proposed that a studv of tkoni 
utilisation by the tissues should be done. ^ 
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2 . DISCUSSIONS. 


I. MANUFACTURE OF PHOTOGRAPHIC MATERIALS IN INDIA. 

(Sections of Che wist ry and Physics). 

1. I'KOF. M. O. Doja, Patna, opened the* discussion. 

Dr, R. C, Ray, Patna, prcvsided. 

It is long since photography has ceased to be a luxury, it is now a necessity 
for civilized human life. Sciences, arts, industry, commerce, all need it. In the 
amelioration of human suffering it plays an important part, and so does it in the 
modern methods of instruction and recreation. A war too these days, cannot be 
successfully waged without its help. A nation therefore which does not produce 
its own photographic equipment is at a disadvantage. Short-sighted as this country 
has* been in many other respects, this important industry did not attract the atten- 
tion of eminent men in India, even after the first World War, when other 
countries began developing their photographic industries on a sound and indepen- 
dent basis. At present practically all tlie photographic materials useii in India, are 
imported from foreign countries, the total value t)f which runs into crores of 
rupees. Apart from the financial loss involved, if at any time, due to war condi- 
tions or other causes, the supply is cut off or even curtailed, we shall find ourselves 
in great difficulties, as indeed we are finding these days. 

The photographic industry is essentially a composite industry, depending for 
its success on a number of other subsidiary or ‘‘feeder” industries. Thus the 
manufacture of photographic plates requires the help of the glass manufacturer, tlie 
gelatin manufacturer, the manufacturer of chemicals and several others. In the 
same way, the succes.sful manufacture of cameras can only be undertaken with 
the assistance , of the metallurgical, optical, lacquer and other allied industries. 
Broadly speaking the industry comprises the manufacture of the following : — 

(1) Photographic apparatus and appliances, such as cameras, filters, stands, 

lenses, etc. 

(2) Photographic emulsions on different kinds of support like glasSj paper, 

and cellulose derivatives. 

(3) Photographic chemicals such as developers, toning agents, intensifiers, 

mountanls, hardening agents, etc. 

(4) Photographic sensitisers. 

It is ‘in item (4), the manufacture of photographic sen.sitisers, that 1 am parti- 
cularly interested, and after a brief introduction, i sliall review ilie work w'hich 
has been done in this connection at the Patna Science College Lafnjratories. 

One of the problems encountered in early days of pIiot<;graphy was that the 
photographic plate.s were not sensitive to the spectrum in liie same way as the 
eye is. Whereas 4he normal eye is sensitive to all the colours of the spectrum 
from violet through blue, green, yellow’ and orange to red, the early photographic 
plates were sensitive only to the ultra-violet, violet and blue. This is a serious 
defect particularly for the photography of coloured objects. It gives rise to 
incomplete” pictures, in which tlie light and shade effect is produced only by 
the violet and blue rays emanating from the subject. Vogel was the first to dis- 
cover a remedy. He found that certain dye-stuffs, later known as 'sensitisers”, 
possessed the property of rendering photographic plates sensitive to light corres- 
ponding to the lower wave-lengths of the spectrum. .Vs often happens wdth new 
discoveries, the accuracy of the observations of Vogel was doubted and his work 
w’as generally ridiculed. These experiments, however, were repeated by a hrencli-^ 
man, Becquerel and later by an linglishmati, Waterhouse, both of whoni confirmed’* 
Vogel’s observations. It is creditable that \ ogcl, notwdthslandirig the fact that his 
emulsions were slow, his dyes probably impure and bis apparatus primitive, quickly 
grasped the fundamental relatioii.ship which underlies all work on sen.sttising, that 
these dyes sensitise in the same region as they absorb ; for example a dye which 
abscebed green light would render a photographic plate .sensitive to green. Once 
the existence of compounds of the sensiting type was established many substances 
were added to the list, and for the first lime in the history of photography com- 
mercial sensitised plates called “Azaline plates” were placed on the market. 

Up to the beginning of the present century, the dyestuffs which were known 
to possess sensitising characteristics, all lielonged to different chemical groups, 
there were no essential chemical similarity between them. It w^as only after the 
work^of two German chemists, Miethe and 'fraube, that a nev^ group of sensitisers, 
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belonging to the same family of organic compounds was discovered. These were 
“the Cyanine Dyestufts”. Soon after the work of Miethe and Traube, at the 
Hocht Dye Works in Germany, were produced many sensitisers of the “cyanine “ 
group, which were marketed under different trade names, such as “Pinacyanol“, 
“Pinaverdol**, “Orthochrome T“, “Pinachrome**, etc., and were protected by suit- 
able patent^. Since then a large number of compounds of this type have been 
synthesised, and now-a-days practically all the sensitizers used in the manufacture 
of photographic plates of different kinds belong to the ‘cyanine” group of dye- 
stuns. It is remarkable that oid^ small quantities of these compounds are quitet 
sufficient for purposes of sensitisation. They may be compared to vitamins in 
food, very small but very important. 

The motion picture industry has benefited a good deal, from the scientific work 
on cyanine dyes. The introduction of filament lamps in place of inconvenient arc 
lamps for studio lighting was only possible because of the yellow sensitisers used 
in the manufacture of the films. The entirely silent nature of these lamps 'was 
an additional advantage when sound recording was added to the studio problems. 
The use of miniature carrieras, particularly for photography indoors with artificial 
light, has been stimulated by the use of cyanine dyes. In order to get tiie fine 
details necessary, highly sensitive panchromatic materials of excex)tionally fine 
grain are used. 

In times of war the cyanine dyes are equally useful. Aerial photographs for 
reconnaissance purposes are usually taken on red sensitive plates, because it is the 
red rays which can successfully overcome the scattering power of the intervening 
atmosphere and produce well-defined images at long distances. These red and 
infra-red sensitisers are all' members of the “cyanine” group of dyestuffs. 

I’rior to World War No. 1, the manufacture of these sensitisers was a monopoly 
of the German Chemical Industry-. Outside Germany people knew very little 
about these compounds. As the war progressed the weakness of the position was 
realised, and the Allies began experiments and eventually succeeded in synthesising 
these compounds. Throughout the last war, all the sensitisers required by the 
Allies were prepared in the chemical laboratories of the University of Cambridge. 

We in the l^atna Science College Laboratories, during the last years, under 
a scheme financed by the Board of Scientific and Industrial Research, have been 
engaged in the preparation of some of the more important of these sensitisers, 
from materials available in India. We have succeeded in preparing compounds 
similar to “Pinaverdol”, the well-known yellow -green sensitiser used in the manu- 
facture of “orthochromatic” plates, ‘ Pinacyanol” the red sensitiser used in the 
manufacture of “panchromatic” plates, and several others. In the synthesis of* 
these compounds, the starting material in all cases, has been the coal tar distilla- 
tion products benzene, toluene, and phenol, produced in Bihar. In quaHty these 
substances compare favourably with the imported productsT^ and in some cases, 
for instance the orthochromatic sensitisers “vSensitin O” and “Sensitin D”, are 
superior. The difficulties encountered in these preparations have all been solved, 
and it may be said that any enterprise in India for the manufacture of photo- 
graphic plates will not suffer from a shortage of sensitising dyestuffs. 

It is hoped that this ‘discussion” will focus the attention of the Government, 

the scientists, and the industrialists of the country to this great national weakness 

the absence of a photographic industry in India. 

2. Dr. J. V. Karandikar, Cawnpore. 

Various independent and interdependent industries produce the diverse and 
multifarious materials required in photography. These includes among others 
cameras, lenses, variety of apparatus and gadgets, plates, paper, film», chemicals 
and dyestuffs, etc. Gine-industry constitutes another colateral unit. • The nature 
and extensiveness of the films like Agfa and Kodak are illustrative and informative 
on this point. 

Immediate possibilities of manufacture of photographic materials here are 
governed and limited by (/) the quality of raw materials, (n) the availability of 
equipment and machinery and (in) trained labour. These naturally exclude the 
question of an immediate large-seal^ extensive production and hence a step-by-step 
attempt with a modest beginning seems to be only possible to start wi^ The 
manufacture of sensitive materials— only one of the host of items- may be con- 
sidered. 

A photographic emulsion is essentially a finejy divided suspension of silver 
halides m gelatin, which is applied to a suitable support like glass paper or 
celluloid film to make the materials wsensitive. The stages involved in* the manu- 
facture are (i) mixing, {ii) digesting, (ait) setting and shredding, (iv) washinir 
(r^) remeltmg and coating, (vi) drying, (uti) testing and final packing and. dispos^* 
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Tlic chief raw materials required are (a) silver nitrate, (b) gelatin, (r) support, i.«., 
glass plates, paper or film. A variety of equipment is necessary in carrying out 
the operations. Most of these operations have to be carried out in suitably 
illuminated dark-rooms. Paramount condition is the temperature and humidity 
control which requires a costly outfit and entails an initial capital outlay which 
forms the major portion of the investment. < ^ 

The main difficulties encountered in the above work carried out at the Royal 
Institute of Science, Bombay were : 

i) non-availability of proper type of gelatin, 

(it) lack of proper equipment and machinery, 

(Hi) difficulties of practical nature due to absence of literature and data for 
working under tropical conditions. 

Of these (i) was partially solved by purifying the available gelatin or by making 
necessary changes in the method to suit the particular type of gelatin. 

(ii) by designing and constructing the equipment and machinery locally, and 
(ili) by carrying out systematic experiments on a sufficiently large scale. 

The work is still in progress, and the results obtained so far are very satis- 
factory “and encouraging. 

3. Mr. S. Bai*akrishn.\n, Bombay. 

' Photography made its d4but in the West about a century back. The beginning 
was small and the pioneers had great obstacles to overcome. Cameras with all 
refinements, which we now take for granted, were then unknown. A simple box 
with a pin-hole, in place of the modern lens^erved for a camera. Shutters were 
not there. Negative material was slow and xfude. It is said that several hours 
were ndeded instead of the split-second exposures now given and persons wishing 
to get tlieir photographs made were made to sit several hours in the hot sun ! 
Emulsion making was in its infancy. Colour sensitivity, re.solving power, high- 
speed, keeping quality, etc., associated with the modern film^ and plaie.s were then 
unknown. They used emulsions which had to be coated and exposed on the spot. 
Since then, the ceaseless efforts of numerous scientists and inilustrialisls have 
contributed to the growth and progress of the Photographic Industry in Phiropc, 
America and, to some extent in Japan. 

Our consumption of photographic materials is comparatively small. Yet this 
amounts to well over fifty lakhs ; about Rs. 26,00,000 worth of photographic goods 
and a^ut an equal sum under such heads as chemicals, equipments, electric 
machines, etc., are annually imported by us. Large as this figure is, it is bound 
to ^ow larger as years go by. India is a vast country and a huge market is 
awaiting development. 

A large number of articles go under the head “Photographic inalerials” One 
will be surprised to find what a long list it makes. These articles may be broadly 
grouped, from the manufacturing point of view, under the heads ; — 

Sensitive materials, 

Lenses, 

’ Chemicals, 

Equipment, and 
Accessories. 

The manufacture of sensitive materials is perhaps the most difficult one. 
Practically all the information on emulsion making are closely guarded secrets 
of the great factories, lliose who aspire to enter the field anew will have almost 
to start afresh. If any one supix>ses that by following a few formulas given 
in books like the B. J. Almanac and others, he can turn out high class sen.sitive 
material as are commercially available he will be sadly mistaken. There are a few 
well-meaning* enthusiasts, who hope to prepare in a botch polch Tnanncr photo- 
graphic papers and plates at a low cost and make huge profits, 'fhey will in 
due time find their money, time and energy wasted. Aj^ain there are otliers who 
imagine that they can themselves make all the machinery needed for making 
photographic sensitive material. One can only sympathise with them, The manu- 
facturers of the tnachines have spent years in experiments and research in per- 
fecting their machines. They incorporate several patented devices. These machines 
work With a fineness and precision impossible to attain in the first few attempts. 
It is because of such specialization at great cost that even the large manufacturers 
of sensitive materials buy their machines from them and do not manufacture 
themselves. No doubt certain experimental machines can be made. Given ^ the 
necessary finance, work can be taken up on small scale coating machines, feshxming 
apparatus, re-reeling machine, slitting machine, etc. Arrangements may be made 
for air-conditioning and certain qualities of paper coated with qniutsions already 
worked out and tried : These may be marketed and experience gained. 
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For large scale commercial manufacturing, however/ the machinery required 
will have to be imported from abroad along with a few experts. A careful selec- 
tion of these by one who knows the line thoroughly is essential if costly failures 
are to be avoided. Local talents will have to be recruited and trained to take up 
the place those experts in due course. 

If we are to catch up with the standard of present day imported material, 
a well equipped laboratory with a number of scientists tackling the manifold pro- 
blems, is essential. The importsation of foreign experts alone will not solve the 
problem as they are unaccustomed to our climatic and other conditions.. This is 
what a, well known firm of manufacturers who had arranged to send some experts 
wrote m this connection: ‘.We think it will be no easy matter to manufacture 
from the very beginning photographic papers in the same perfect quality as 
Agfa and Kodak, in the country the climatic conditions of which are still unknown 
to the specialists**. 

Supplies are now scanty. Very little material is now available in the market. 
However, after the war is over, imports will increase. But it may be that to 
some years to come, imports will not be able to cope with the demand. Even in 
normal days, the supply was not adequate to the country’s demands. Thus the 
indigenous industry will have a good opportunity to develop. In the initial stages 
there may not be any serious competition. But when our output in^eases to the 
extent that the sales of the foreign companicB get affected, then, it is likely, they 
will resort to serious competition. Competition may take the form of price- 
cutting, obstructing supplies of raw materials, spare parts for machinery, etc., 
tampering with the production and sales personnel, etc. It will, therefore, be^ the 
duty of the organisers of the indigenous industry to provide against such risks. 
Under the circumstances, a wise selection of machinery, proper arrangement for 
the continued supply of materials, right men in charge of research, production 
and sales, are matters which call for the urgent and careful attention of our 
experienced men who will l)e at the helm of affairs. 

As I was connected for several years with a leading firm of manufacturers, 
I studied these problems from various points of view, corresr)onded with exoerts 
in the line in all parts of the world, collected important sales figures from confiden- 
tial sources, sources of raw materials, machinery needed, men required, marketing 
facilities, etc. I am glad to be able to say that our country is eminently suited 
to manufacture all photographic materials and we can become self-sufficient in this 
respf^ct in a very short time. 

The cost of machinery, laboratory equipment, air-conditioning plants, erection, 
building, furniture and fixtures may be put down roughly as Rs. 7,00,000. Raw 
material, production cost, storage marketing and maintenance charges •may call 
for another Rs. 8,00,000. It will, therefore, be safe to ensure a working capital 
of about Rs. 20.00,000. I need nardly stress the advantages of having one well- 
equipped manufacturing organisation rather than a number of small concerns, 
mostly ill-equipped for the manufacture of these highly technical and scientific 
material, the photographic sensitive material requiring precision machines, expert 
guidance and .supervision. Pardon me for dilating on this point a little more. A 
number of stray individuals, fired no doubt, bv enthusiastic ambition have made 
repeated attempts in the past and I may say here, several are still doing now ; 
but unfortunately to no avail. I^et us assess here for a while the national loss 
that this implies. P'ach such enthusiast wasting Rs. 10,000 or Rs. 15.000 in trying 
to manufacture, is denriving the country of the early possibility of establishing 
a central organisation like ^he one indicated above. If siich well-meaning enthusiasts 
will come together, a national industry can come into being in no time. 

There are already a number of ohemical manufacturers in India and it should 
be possible for some of them to take up the manufacture of photographic chemicals. 

Lens manufacture is as simple as it is difficult. The better class of lenses are 
the products of years of research and experience. These lenses are corrected to 
color, chromatism, aberration, distortion, etc. These call for optical glass of 
good quality, experience, precision grinders, etc. However, a start can be made 
with the simple box camera lenses. As the demand increases and experience 
gained, other types of lenses can be made. Patent rights mav be obtained from 
foreign makers for manufacturing some of their lenses in "this countr>\ The 
progress in lens manufacturing will depend much on the demand that can be created 
which will again dei>end on the sales of indigenous cameras and other equipment 
using these lenses. 

Equipments and accessories comprise a large ammber .of articles. Among 
tliesc, field cameras and certain accessories are comparatively easy to make. A 
number of efforts were made to produce them. For some reason or anothet they 
have failed to make any headway. Either they did not have the proper machinerv. 
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guidance or sales organisation. This shows that without a progressive outlook, 
great experience, enlightened management and the support of the trade, such 
ventures cannot succeed. I, therefore, invite the co-operation of all interested 
gathered here or outside, so that a powerful organisation can be set up for 
establishing on a firm footing the Photographic Industry in India. ^ 

4. Mr. V. K. Shewade, Belgaum. 

On the basis of ray twenty years* experience of, the trade I consider the starting 
of a photographic industry in India, a feasible proposition, provided it is run by 
experts on a well thought out system. A working capital of about 30 lacs of 
rupees will be necessary which it will not be difficult to find these days. 

5. Dr. P. K. KiCHEu, Lahore. {Communicated). 

Photographic Plates for Extreme Ultra-violet. 

The sensitivity of photographic plates to extreme ultra-violet light is condi- 
tioned by the limitation that the gelatine of the emulsion with which the plates 
are coajted, begins to absorb radiations below 2220 and become practically opaque 
as 1800 A° is reached. This opacity however is restricted to the region between 
1800 — 1 AP approximately, the so-<'alled vacuum region since all investigations must 
be carried out in a good vacuum due to the strong absorption of the air of the 
atmosphere even in very minute quantitie.s. This difficulty is got over in two 
different ways : — . . - . 

(1) The sensitive emulsion containing silver bromide is prepared with only a 
trace of gelatin. The gelatin present while sufficient to bind the l)romide to the 
glass plate exerts no appreciable absorption of the light. 

(2) Ordinary photographic plate.s are rubbed over by liquids which fluoresce 
under the influence of extreme ultra-violet rays and emit rays of sufficiently long 
wavelengths to produce a latent image. 

These methods have been tried in the Physics Lal>oratory of Iht* Government 
College, Lahore, in coimection with the vacuum spectrographic work. The view 
based on the experience of the last 12 years seems to confirm that the plates pre- 
pared by the first of these processes provide the best solution of the problem. The 
plates are sensitive, fine-grained and free from fog or halation In this method the 
silver bromide emulsion with only a slight trace of gelatin is prepared in the usual 
manner and allowed to mature at a previously determined temperature for a definite 
time. This is then frozen to a jelly and w'ashed to dissolve away the soluble 
salts. Finally an emulsion is formed in hot %vater and poured over glass plates 
or film.s. After a regulated time the supernatant liquid is drawn r)ff ami the 
plates dried. Thev are ready for use iinniediately but are most sensitive after 
a further period of ripening depending n|V)n the temperature. The silver bromide 
film though exceedingly thin and fragile slicks to glass tenaciously and any 
suitable developer may be employed for getting the photographs. 

The sensitivity and usefulness of the plates depends to a very large extent 
upon the period of maturing and the quality of gelatin employed. The silver 
bromide grain increases in size with time and thus contrilfutes an increasing! v 
larger amount of silver bromide to the latent image. There is, however, another 
factor also which increases the sen.sitivity with time, viz., the production of 
sensitizing specks of silver sulphide derived from the reactifUi with gelatine and 
collected on the surface of silver bromide grains. The quality of gelatine thus 
plays a particularly important role in the nianufaeture of these plates. Nelson’s 
gelatine No. 1 has been “ucces^^fullv used, hnt Kastman Kodak Company’s best 
photographic gelatine — we use No. 73-100 — gives even better re.siilts. 

A slight* modification of this process concists in depositing the emulsion over 
a glass plate or film covered with gelatine. This may obtained either hv coating 
the gelatine directly or more couvenientiv by washing off the silver salt from a 
comrnercial plate by means of hypo leaving gelatine film liehind. The sensitive 
film in this case is naturally more durable and stronger. 

With regard to the second method which takes advantage of the fltmrescent 
properties of oils and oilier liquids for producing the latent image, mijol and 
solution, of sodium salycilate have been tried, hut all these have onlv a limited 
value, the .sensitivity being inferior as compared to the plate descrificd alwve. 
Re^ntly Messrs, I.aslman Kodak Company have been employing a solution for 
bathing the plates .Vs this formula needs greater publicity than it appears to 
nave received so far it is given hen* for the Ixmefit of workers interested in 
the line. 

Acetone (distilled) ... 500 c.c. 

^ Kthyl Acetate (dist illed i . . 500 c c 

Dihydrocollidine .400 grams. 
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The plates should be bathed for two minutes in the solution and allowed to 
dry before use. The ultra-violet sensitizer must be washed off with acetone before 
developing, 

II. INSECTICIDES. 

(Sections of Agricultural Sciences and Chemistry.) 

Rai Bahadur D. V. Bai<, Nagpur, presided. 

The discussion was led by Dr. H, S. Pruthi. He stressed the investigation of 
indigenous materials for insecticidal value and urged the co-operation of the 
chemists in finding out the percentage of insecticidal principles. 

Dr. Viswa Nath urged the necessity of having a standard insect on which 
various materials having insecticidal properties could be tried. The Chemical 
analysis of a plant material was laborious and costly and wild goose chase of 
insecticides in the natural products was beyond the scope of chemists. Dr* Pun 
advocated the search for inditjenous materials which contained the known insectici- 
dal principles like pyrethrin, etc. 

(Authoritative contributions from the participants were not received). 

Dr. M. A. Rahman pointed out that a standard insect to test insecticides did 
not exist but the insecticides were tested on fishes in America and that method 
be adopted here. He enumerated the various necessary characteristics of an ideal 
insecticide. 

Dr. M. H. H. Qadri advocated the use of mixed insecticides and said that 
each of the separate insecticides had feeble power but in mixture the insecticidal 
power was highly increased. Dr. Puri pointed out that insecticides in America 
were tested against flies and not against fishes. He stressed the preparation of 
synthetic insecticides and standardisation of vegetable insecticides. 

Mr. A. Reid suggested that the spreading property of mixed oils as wetting and 
spreading agents required investigations for the control of insects. Irradiation by 
particular light rays and biological control of insects together with breeding of 
crops for insect resistance were few of the fruitful lines of investigation. 

The president, Rao Bahadur Dr, D. V. Bal, in winding up the discussion, said 
that it was very encouraging to see that the problem of insecticides was discussed 
from different view points by the Chemists, Entomologists, Mycologists and others. 
The question of finding out and trying indigenous insecticides must receive imme- 
diate attention of the organic chemists in collaboration with the Entomologists 
and Plant Pathologists. In India considerable loss which is at present buffered 
by various field and garden crops could be easily checked if cheap and reliable 
indigenous insecticides were made available to the cultivators. 

(Authoritative summaries of all speakers could not be obtained). 


Ill . ELECTRO -CHEIMICAL INDUvSTRIES. 

(Sec lions of Engineering and Metallurgy and Chemistry.) 

Sir J. J. (;handy, Jamshedpur, presided. 

1. Mr. G. C. Mitter, Bombay, opened the discussion. 

An electro-chemical industry for the purpose of a survey may be .classified 
under three headings (a) the Technique, (b) Materials of Construction and 
(c) Power. 

(a) The Technique. 

A rough list of the more important electro-chemical industries has been drawn 
up in the form of a table (appended). There are three broad headings, 

(1) Electrolytical, 

(2) Electro-thermal, and 

(3) Electric furnace products. . . 

The technique of manufacture of some of the products by electrolytical method 

is simple enough to find a place in the post-war reconstruction scheme for the 
development of chemical industries in India. Industries manufacturing electro- 
thermal or electric furnace products have been left out from the review. They 
may' be taken up by speakers following me. 

A Light Alloy Industry . — ^In electrolytical method two distinct sub-divisions are 
made, (1) those using aqueous solution as the electrolyte and (2) those in which an 
electrolytic bath of fused salt of the metal to be extracted or its double •salt is 
used. In non-aejueous or fused electrolyte besides the salt or the double salt of 
the metal, a fusible salt, such as an alkali fluoride or chloride is invariably ad<|c<i 
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to improve the electrical conductivity and fusibility of the bath. Base metals of 
lower order, such as Al, Mg, Be and alkali metals and also lead and sulphur are 
extracted by following this process. This method has thus a war-time significance 
because of the possibility of manufacture of metals, viz,, Al, Mg, and beryllium 
which fonn important constituents of light alloys now brought promi/iently in use 
in the construction of air-planes, automobiles and trucks. From India's point of 
view, a light alloy industry may be considered as one of strategic importance 
not only for its war-time needs but because of its many peace-time applications 
in industrial and domestic uses. For, we must not forget that India is, as at 
present known, deficient in raw products for the manufacture of copper, zinc and 
tin. Aluminium and alloys of aluminium and magnesium, indigcnuous ore reserves 
of which are happily enormous, must necessarily be made to replace copper and 
copper base alloys. To-day such replacements are being made not only as 
substitutes but in many cases as better alternatives for copper or copper-base 
alloys. 

Aiuminhim and Mas^nesium . — Hlectrolytic manufacture of aluminium has recently 
been started under war impetus. It follows the orthodox line as far its technique 
is concerned. Its fabrication is already an established practice in this country and 
it has a ready market as well. There is also the bright prospect of its use as a 
deoxidising agent for steel fal>out 400 tons a year), in alumino-thermic reactions, 
in explosive (Ammonal), for acid containers and as electric powt?r transmission 
cables. But the same cannot be said of magnesium. The electrolytic process rjf 
manufacture of magnesium as developed by the Dow Chemical Cr>., at its work at 
Midland (Michigan) and I'reeport (Texas) in I'. S. A. ha.s no doubt been a remarkable 
success. But it is a complicated and expensive process involving the prepantion 
of a suitable electrolyte of fused anhydrous magnesium chloride from sea water. 
The foundry and fabrication practice of magnesium are again a new tt'chnique and 
require expert supervision. To add to this difliculty is the uncertain financial 
prospect of the project, as it is known bvday that the magnesium development 
programme of U. S. A. aims at the gigantic production of 362.500 ^ms of the 
metal at the end of 1943 at a total cost of v339.000,000 dollars. But it can be assuined 
with a degree of confidence that the aviation and the aircraft industry whicli 
absorbs most of the metal at present is not going to he eclipsed, witli the return 
of peace. It is also certain tliat the metal will be increasingly in requisition in 
various non-aircraft industries, most notable of which is the automobile industries 
and those manufacturing portable machines, equipments and tools, textile and 
stationery machinery; beside.s it has its use in pyro-tecbnics and flash-light 
photography. With us to-day the important consideration is that the development 
of its use as an alloy with aluminium and titanium in place of coi>7)er base alloys 
is essential in the national interest <')f this country for it is certain that in a <'r!si.s 
like the present one it will be unwise to depend upon imports of such metals as 
copper, zinc and tin, the present indigenous ore reserves of which are either in- 
significant or nil. There is no reason therefore not to investigate possiliilities of 
manufacture of the* metal fw using a modified Dow process at places like Mithaf>UT 
and Dharaiigdhara where magnesium (diloride is obtained a'< a !>y-product. 
and at a price considered be cheapest in the world The metal can 
be obtained by other non -electrical methods the most notable of which is the 
Pidgeon’s process developed hv L. M. ld<lgeoTi of the Canadian .Xational Reseanh 
Council where ferrosiliron is used to reduce magnesia ohtaimal from min*"ral 
magnesite. But the electrolytic method is to be given preference because^ in that 
case magnesite may be 'eft for other es.sential uses, viz., for refracioric'^ and special 
cements ‘irrespective of the cost of production which in the latter case involves tlie 
production of the costlv ferroallov. 


In the category of products obtained from electrolysis of fused electrolytes the 
manufacture of bervllium and iK^ryllium alloys from Indian beryl and the new 
method of manufacture of sulphur ami lead from galena is of ('onsiderahle im- 
portance, the former for its extraordinary prop<rties whitli find new uses in 
accoustics and x-ray equipments and as fatigueless springs ; the latter for tlie 
recovery of sulphur in which India i.s badly deficient. 

Aqueous hlecfrofyfe. -In the case of acqueous electrolyte, a long line of electr<»- 
c nemical industries is already in existem'e. the most important of which are (1) llie 
manuTacture of caustic soda and chlorine and its derivatives classified in the 
category ot electrolytic separation, (2) next eomes the eleclrolvtic oxidation and 
reduction products, subdivided as under : 

(a) Per-acids and per-salts, 

(b) Hydrogen peroxide and Ozone. 

Th^ product's e.g., lodof^orm, Bromoform, Sorbitol, etc. 

tmporlant industry under (his liead is the electro-winning of 
- . . a ght from its ore ; fourthly is th^ allied indu.stry of electro-refining 
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lastly comes electro-deposition and forming. These industries are to-day well 
established abroad. In this country in some cases a start has ^en made only 
recently. The T. C. I., the Tata Chemicals and Metttir ' Chemicals are to-day 
manufacturing caustic Hquor and chlorine on a scale large enough to meet a g<^ 
part of the country’s demands. The question of manufacture of hydrogen is being 
solved at Bangalore under the direction of Sir J. C. Ghosh and i>r. B. B. Dey in 
Madras is actively engaged in the electrolytic preparation of seveml organic 
compounds, such as benzidine etc., which are inipor|ant intermediates in the plan 
of preparation of dyestuffs. • 

ELectro-wimiing. — In iilectro-winning technique the interest is now centred on 
the production of high purity manganese. High purity manganese* obtained by 
electrolysis is considered by analogy with the technical development of other high 
purity metals, such as copper, zinc and aluminium, to be a potential source of 
valuable alloys. Both in the United Slates ot America and in Canada patents of 
interesting manganese alloys using high purity manganese of electrolytic origin 
have been taken which are reported to give amongst oUier properties .such as high 
modulus of elasticity, the property of being hardened by cold work and by heat 
treatment, high coeihcient of expansion, high electrical resistance with exti;emely 
low temperature coefiicient ana remarkable vibration damping capacity. The 
prospect of an industry involving the production and use of such a metal, ore 
reserves of which is practically inexhaustible, is worth investigation. 

ELeciro-re fining . — ihe technique governing electro-refining process has under- 
gone interesting modification but none so interesting and at the same time so 
intriguing as in the case of reclaiming these metals from alloy scraps. In countries 
such as our deficient in metals of strategic importance, viz. copper, zinc, tin, 
reclamation from scraps takes an important place in the plan for the conservation 
of metals. 

Klectrolytic method of refining copper directly from scrap brass, bronze and 
nickel silver has been said to work successfully in Austria and U. vS. A. In one 
of the methods referred to the case of brass, bronze and monel metals, electrolyte 
was cuprous chloride, cathode was a sheet of pure coj^per and the anode was the 
brass to be refined. During the electrolysis the electrolyte was circulated through 
reaction towers which w^ere packed with the scrap material to be treated. Thi/ 
was necessary as the electrolyte was rapidly stripped of its copper content, in the 
refining cell, because more copper was deposited at the cathode than was dissolved 
at the anode, t 

A method for reiiinii^ bronze was lievelox-ed by P. Wei.se in 1922. + He used 
a modified copper sulpjhate electrolyte in which the electrolyte was circulated over ' 
copper scales to refortiiy the electrolyte with copper, the tin content of the scrap 
being collected as SnU^ in the slimes. This process is also known as the Lewin 
process and is protected by a U. S. A. patent. § Details of these and similar 
methods are, J presume, deliberately kept secret. One has perforce to adopt his 
own technique wdien handling scraps in this country. 

ELectro-aeposilion. — Dlectro-platmg is concerned with the production of metallic 
coating on metallic objects and to a limited extent on non-nieullic objects with the 
primary idea of producing high quality finishes on the surface. Here also the 
principle is so simple that an electro-plater is tempted to take no consideration of 
certain important technical facts regarding (i) the setting up of a plating bath, 
(ii) conditions governing the quality and character of the deposit, such as current) 
temperature, concentration etc. The poor quality which is generally obtained in 
this country of electroplated articles is mainly due to complete disregard to the 
above factors. 

But when it came to the question of preventing formation of scales, or rust it 
assumed an importance of a different character. The protective plating on rust- 
forming materials, such as iron, calls, for technique of a different cliaracter. Plating 
on iron or aluminium is difficult owing to the poor adhesive quality of the materials 
concerned due to their being not favourably placed in the electrochemical series. 
The technique of throwing an adliesive splash of brass, zinc or copper from cyanide 
bath followed by the normal process of plating with silver, nickel or chromium 
to-day fairly wellknown. 

Anodic Oxidation of A luminium— The protection from corrosion by the electro- 
chemical method of throwing an oxide film on tlie surface of a metal or an alloy 
has its best application in the case of aluminium and its alloys known as the 

♦‘Manganese and Its Alloys’, U. S. Bureau of Mines Publication 1^- 
Metallurgist (Supp. to Engineer), April 26, 1940, p. 108. ’ * 

t M. Hosenfeld and G. Hansel, U. S. Pat., 1,757,047, May 6, 1930 

XZ. Electrochtmi, 28, 327-41, 1922 and German Pat., 312,941 (1917). 

§ U. S. Pat., 1,574,043 (Feb. 23, 1920) and 1,890,856 (Dec. 13, 1932). 
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Anodic Oxidation Process. The resistance of alnminium to corrosion varies with the 
thickness of this oxide (or hydroxide) film. The anodic oxidation in a bath con- 
taining a chromate, bichromate or chromic acid gives a coating of protective film 
nearly 100 times thicker than the natural oxide film due to the sitmosphere. The 
Guertler Process which consists in the immersion of the aluminium for 2 hours 
in a bath maintained at 90 to 95®C. of the following composition : 

Pot. carbonate ... ... 25 grammes 

Sod. bicarl|pnate ... ... 25 grammes 

F’ot. dichromate ... 10 grammes 

Distilled w’^ater ... ... 1 litre 

showed that some protection was afforded in the case of commercial aluminium, 
but little or no protection was obtained in the case of the various aluminium alloys, 
|is it gives a much thinner film and, moreover owing to its nature, the immersion 
method fails to develop a resistant film in pores and cavities of the metal. 

As the result of the anodic oxidation, the surface assumes a silvery white matt 
appearance and is thus admirably adopted to painting and varnishing and can also 
take a variety of tints or colours by simple immersion in a suitable dye solution. 
This is in accordance with the common practice of alnminium hydroxide being 
used as a mordant. 

B. Materials oj Construction. 

Mention has often been made earlier of the difficulty of procuring the right 
type of electrodes, etc. It is not electrode alone that our attention is particularly 
invited to in electro-chemical enterprise. There are other equipments in electro- 
chemical machinery which need as much consideration. The nature of these 
equipments depend broadly upon (1) those employed in electrolytic cells in which 
aqueous electrolytes are used, (2) those finding application in fuse<l electrolytes, 
and (3) those in electro-thermic operations. 

The principal items under (1) and (2) are 

(c) Diaphragms, (/) Bus bars and iwwer lines. 

(b) Cathodes, {c) Circulating systems, 

(a) Anodes, id) Tank material, 

Jn the case of (3) besides some items mentioned above the choice of furnace l>ody 
and its linings and charging equipments are important considerations. The selec- 
tion of suitable insoluble electrodes, especially anodes, not readily attacked by 
gases evolved or the corroding electrolyte, is limited to a few known imported 
articles, e.g,, chilex or fused magnesite of electro-winning for copper. Iron-silicon 
alloy is now obtainable in India and can form a tolerably good electrode in a 
electrolytic bath containing nitric acid. Lead an<l antimonial lead form the major 
part of electrodes used in a sulphuric acid bath. Graphite and platinum, however, 
owing to their insolubility have a general application in all electrolytic processes- • 
their uses are being limited due to disintegration in the case of graphite and high 
cost in the case of platinum. Diaphragms which will resist corrosiv'^e bath, tolerably 
permeable to electroMe with little electrical resistance, are as yet difficult to 
procure. 

C. Power. 

On the question of power it is not my intention to speak. The subject is a 
major one and deserves more careful consideration. It is, howc\er, recognised 
that a proper survey of the existing power at the disposal of industrie.s and an 
idea of the extent of its development should be made at an earlier date. On such 
a basis a chart requires to be made showing total power available for cxi.sting and 
future industries of this country. On the basis of this information jxiwer allot- 
ments to industries should be made in the order of their importance, the state of 
each being carefully regulated according to plan and requirementvS. 

Conclusion. . 


I have endeavoured to indicate in the course of describing the technique of 
luanufacture of some electro-chemical industrial products obtained by electrolysis 
the nature of the problems that are confronting us to-day. Briefly they are (1) the 
prwluction of magnesium from magnesium chloride and* a study of its fabrication 
practice, (2) the preparation of certain metals and alloys by electrolysis 
viz., Be-Cu Al-Ti which have important uses in light alloy industries, (3) pro- 
auctioi^ or high-punty metals, specially manganese whose future prospects yet lie 
unravelled, (4) electrolytic reclamation of metals from scrap, especially with 
“i* strategic importance, viz., Cu, Zn, tin and lead as a necessary 
Mrtr.. f “"seryatioii of metals in which our country is deficient, 

in tL? “P progress of electro.cheniicaI ventures 

m thi.s county and if they are to flourish and remain efficient the need for a 

m°Se iStriis'^frfh* research could be undertaken 

gnidfne the^destfov direction is evident. I appear to the authorities 

guamg the destiny of scientific researches in this country and planning at the 
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moment for the establishment of research institution to move for the creation 
of a Instiinte of Klectro-chemical Research in India properly .equipped and with 
adequate resources so that it shall tackle these and many similar problems which 
arc lx)und to arise as we proceed to the goal of progressive industrialisation of India. 


I Td • 

I §2.5^8 

sH.a 2 §•: 

i-< rs 43 - i?"- 

XJ ^ Cl O ^ 

O CJ C/IJ (fi Pm C 


^ bi) 

-'8 .a 


Ja bo 

-2 ^ dS i 
a.« to ^ *- 

-•S rfS 

5-5-?^K 


2 .a — c c w-- 

^ ’S' sTjd 

ut<iZX 


.S .2 d « 

?i c3^ 


> ^ §‘i 
<6 .bp g : 

St rQ I 

S-^lrtn 

t-s 

« 8 .SJ t 

8 S afU.i 


.o * 

1— s 

0} *3 X S? 
« Cd g^g 


i-^ 



22 l^hiriy-Second Indian Science Congress, 

2. Dr. H. K. Miira, Jamshedpur. 

Mr. G. C. Mitter in opening this afternoon’s discussion advocated reserving 
Indian raw magnesite exclusively for the manufacture of refractory material and 
not using it for the extraction of metallic magnesium. He suggested the use of the 
Pidgeon process involving use of Dolomite for the latter purpose. In the absence 
of such figures before me, as the quantity of magnesium metal jfroposed to be 
manufactured and the cost of manufacture by this process, I do not propose to 
enter into discussion regarding this. 1 am however interested in the use of Indian 
magnesite as a refractory material and therefore would like to discuss the prospect 
of, or justification for, electric calcination of Indian magnesite. 

Indian magnesite occurs in southern parts of the country. The metallurgical 
furnaces which are its largest consumer, in India, are located moi‘e than thousand 
miles away. It is to be calcined at high temperature to bring it down to a condition 
fit for use in such furnaces. In the process of calcination, from each ton of raw 
magnesite, theoretically, only about half a ton of finished magnesite is available. 
The balance of the half ton is lost as carbon dioxide gas — a valuable Iw-product. 

Calcination at mines site has been advocated from time to time. It seems on 
the surface logical to do so ; but what about the fuel ? Kither coal or electrically 
generated heat may be used. Hauling coal from Bengal and Bihar mines— this 
must be done as there is no suitable fuel near the magnesite deposits ohsets any 
saving in freight which is the advantage in sending calcined or ‘liead-burnl’, instead 
of raw magnesite from the mines. 

The crux of the problem of calcination is cheap power. It should be really 
cheap. Even then the electric calcination will pul the price of electrically calcined 
magnesite far kbove that of ‘dead-burnt’ magnesite now manufactured by using 
coal or gas as fuel. What, then, is the justification for such a slej) ? 

If electric calcination can yield a product superior in physical proj>erties to 
that of the usual grade of ‘dead-burnt’ magnesite, the former can be used in places 
where the ordinary variety’ cannot be considered. Then alone there would be some 
justification for the use of the calcined product. 

Indian magnesite contains very few fluxing material as distinct from the 
Austrian variety. It is, therefore, capable of yielding such a superior product, but, 
the end product aimed at should be fu.sed magnesite. 

Power required for this i.s of the order of 6,000 per ton. If unit electric 
power cost is of the order of 035 annas, the price of the finished product at 
consuming and would l>e alxmt Rs. 100 more than the usual Meail-huriit’ j)rodii(‘i. 
If unk electric power cost is of the order of 2 pies the electrically fused material 
would still be higher priced by about Ks. 60 per ton. 

The post-war world will probably see an All-Basic I-urnace as a reality, that is 
to say, Basic <,>pen Hearth hurnaces for steel making will be constructed of basic 
material and not partly with acidic material like silica brick as now. One such 
material would be Electrically fused magnesia. But if bricks made of fused magnesia 
is to stand competition with other basic materials that would be available in India, 
or with similar imported material, then the price of power has to come dtiwm 
substantially below 0 35 annas and should be of the order of 2 to 2-5 pics per unit. 

E:iectric calcination has another advantage m that the resultant CO^ is obtained 
in a pure form. Subsequent conversion into ‘dry ice’ for use as a refrigerant, wc 
believe, is rendered easier. Elalxjrate cleaning, prior to soliiliiication, w’ould 
probably be not required. Such recovery would justify shifting half of the raw' 
material price to the accounts of carbon dioxide refrigerant. I hc ('osi <»f refractory 
material would proportionately go down. * 


3. Mr Bai.vkam Sen, Jamshedpur. 

Of ilu. elertro-chemical industries that sliould lx- estal)!i?,heil in India prim.- 
produrt^outlined'below • manufacture of electro-furnace and other 

(I) Electro-furnace product:;. 

(a) Ferrous : — 

I'erro-chrome 

Ferro-silicon 

F e rro-phosph oru s 
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Ferro-tungsten 
Ferro-titanium 
Ferro-vanadium 
Ferro-zirconium . 

(bL Non-ferrous : — 

• Magnesium. 

(2) Electrolytic products. , 

Manganese 

Aluminium. 

Of the above, immediate attention, in my opinion, should be given to the 
manufacture of ferro-chrome, ferro-silicon and ferro-phosphorus. 

Fcrro-chrome . — Suitable raw materials are available in Keonjhar and also in 
minor quantities in Singhbhiim and Bezwada. The cost of chrome ore delivered 
f.o.r. may be in the neighbourhood of Rs. 60 per ton, the ore containing over 50% 
CraOj, silica less than 5% and FeO about 10%. The Mysore output of ferro-chrome 
is not expected to meet all-India demand in the future and there is therefore scop^ 
for manufacturing this ferro-alloy in northern India. 

7'crro-5//iron.~d*erro-silicon must be in large demand in the future not only 
for the steel trade but also for the extraction of magnesium from dolomite under 
the ridgeon process. We should take note of the fact that the age is now coming 
for light metal alloys. Ample raw materials are available in the Singhbhum District 
as also in liihar near Rajgir, and the stone can be obtained f.o.r. at about Rs.^ 10 
to Rs. !.'=> per ton. The Singhbhum stone has approximately the following 
composition : . 

SiO., 97% 

AUO, 1,3% 

I'e;o, '57% 

CaO Nil 

MgO -25% 

Boss -60% 

Ferro-phosphorus is now in moderate demand but the possibility of an increased 
demand in the future cannot be lost sight of. The material is now being imported 
from abroad at a cost somewhere about Rs. 300 per ton. The raw material required 
for making ferro-phos is calcium phosphate which is available in fairly large 
quantitie.s in Singhbhum Di.strict betw’een Tatanagar and Ghatsilla. The ore is 
rather poor as the P 2 O, ranges between 14 and 20%, but it has other useful 
components like iron (27%) and vSiOj (11%) and to some extent should 4>e self 
fluxing. The average ore is of the following composition : — 


P,0:, 

17-56% 

Fe 

27-71% 

SiO, 

11-83% 

CaO 

23-95% 

A.1,0, 

5-93% 

MgO 

2-14% 


The raw ore can be obtained at about Rs. 15 per ton f.o.r. 

Of the other electro-furnace products ferro-tungsten can be made in small 
electric furnaces if ore concentrates continue to be made available from Rajputana. 
but the present reserves of such ore are unknown. The price per ton varies from 
Rs. 28 to Rs. 40 at site. Large quantities of titaniferous magnetite are avfiilable in 
Mayurbhanj and vSinghl^um containing. up to 20% TiO^ (with 2 50% \\0^) but this 
ore cannot Ije used unless improved methods are introduced for beneliciating it. 
This ore is now being used for the extraction of vanadium but this is only a war 
time industry and may not stand competition with foreign supply in peace" time. 

Ferro-zircotiium.— The raw ore may be obtained from Travancore. The quality 
IS suitable as the material contains approximately 65% zirconia. /fhe price of ore 
is approximately Rs. 120 per ton at site. 

Magnesium.— Ma^nesinm is now extracted under a new process from dolomite 
called the Pidgeon Process. The dolomite is first calcined and then mixed with 
crushed ferro-silicon into briquettes in the proportion of 3 of fgrro-silicon to I of 
calcined dolomite and then electrically burnt to about 1500°C. The extraction of 
magnesium by this process is only a war time industry and reliable figures of cost 
etc. are not j^et available, but claims have been made that the plant requires low 
investment, and the producing units qan be built with great speed. Good grade 
of dolomite is available in large quantities in the Gangpur State. The ore. can be 
delivered at about Rs. 3 per ton f.o.r. 
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Electrolytic Products. 

Of the electrolytic products metallic manganese c^ be made from the low 
grade ores that are available in large quantities in Keonjhar, Bonai and Skighbhum. 
Such ores can be obtained at less than Rs. 10 per ton f.o.r. The method developed 
for the production of metallic manganese is by leaching and efiectrolysis, the 
electrolyte used being nfanganese sulphate. The process is claimed to be simple 
and cheap and adaptable to commercial utilisation. The power required for electric 
precipitation is reported to be not more than 4000 k.w.h. per ton of metal. The 
average low grade manganese ore of the above districts has the following 


composition : — 

SiO, 

A1,0, 

less than 5% 


about 10% 


Fe 

about 20% 


Mn 

about 30% 


P 

less than 01% 


Aluminium. — Very large deposits of bauxite are available in I^liardaga* Ranchi 
District, the ore containing over 60% alumina, less than 1% silica, Fe^O, about 
6% and titania less than 10%. The cost of ore f.o.r. may be in the neighbourhood 
of Rs. 15 per ton. Aluminium has no dearth of market and putting up a plant will 
depend on how much current can be made available, and on the availability of 
cryolite. For a small unit plant making approximately 5 tons a day, about 
5000/6000 k.w. are required. 

A modest 1>eginning can be made by establishing an industry making annually 
2,000 tons of ferr<>-chrome, 10,000 tons of ferro-silicon and about 1,000 tons of ferro- 
phos and 2,000 tons of aluminium. In all we might require an electric unit 
generating about 20,000 kilowatts. .A factory can be edtabli.shed near Muri station. 
B. N. R. which is about 60 miles from Tatanagar. This site has the advantage of 
obtaining coal near at hand, and hydro-electric power, to be generated from the 
Hundru falls closeby. 


Distances of the points of resources. 


Muri station to Barkakana fcoal) ... ... . . 36 miles. 

,, ,, ,, Hundru (falls) ... . . ... 5 ,, 

,, ,, ,, Nausashi (chrome) ... ... . 274 ,, 

,, ,, ,, Ghatsila (silica & phosphate rock) . . S2 ,, 

,, ,, Degana (Jodhpur, Tungsten concentrates) .. ?IS7 ,, 

• ,, ,, Travancore (for Titanium & Zirconium ores) 1580 ,, 

,, ,, ,, Dublabera (Titaniferous-Vanadiferous Iron ore) ilO ,, 

,, ,, ,, Gangpur (Doloimte) ... ... . . 14.3 

,, ,, ,, Barajamda (low-grade Manganese ore) ... 130 ,, 

,, ,, , ,, Ivohardaga (Bauxite) ... ... .. 78 ,, 


4. Mr. G. V. Apte, Jamshedpur. 

If an electro-chemical industry is to I)e established as a commercial .success, 
cheap and abundant electric power is ab.solutcly essential. The generation, trans- 
mission and distribution of electric power must be studied and dealt wJth on a 
nation-wide basis and not from a narrow’ angle of a private profit making concern 
or even the interests of a particular province. .At present there are only two 
sources of generation of electric power on a large .scale. First, in thermal stations 
depending upon coal and secondly, livdro-electric stations. As far as coal is 
concerned, it is practically concentrated in pne .small area and further, if w’e are to 
believe the geologists, the supply is not inexhaustible. Coal is urgenilv required 
for other national key-industries and therefore we rnu.st exploit the .second source 
to the maximum possible extent. The hydro-electric stations are gemerally in 
remote parts quite removed from the place of any industry and therefore tlie cost 
of transmission is neces.sarily a very big item in any such scheme. In planning a 
nation-wide network w'c might v’^ery profitably take advantage of the experience of 
other, countries especially that of Great Britian wdiere during recent year.s a scheme 
of the highest national importance was carried through. Britain is knowm to tie 
the seat of private enterprise and that nation is .said to t>e very critical of the 
liberties of its citizens. ITowever, in this particular instance, by the Electricity Act 
of 1826 electrical energy has l>een made the property not of any private concern 
but of the Government am! therefore of the nation as a W'holc The private 
electrical concerns still remain but the entire electrical energy generated by them 
has to be sold to the Government Authority from whom they have to purchase lick 
ener^y^ required for their own consumption or for their concerns or distribution to 
tneir y^nsumers. The Electricity Commissioners further exercise rontrni! over cver>‘ 
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Vencraii^g station and net work has been laid so that energy generated at one 
point csan be made available to any other point in the country. By this means 
always^ the most efficient sets are kept in operation and a drastic reduction in idle 
plant has becbme possible. The result has been a very considerable saving of the 
nation*® A similar scheme will have to be worked out for us and a proper 

plan wdll have |o be developed for inler-connccting the net works which are already 
growing in the different provinces of Bombay, Madras, United Provinces, Punjab etc. 
This necessarily means that it is vState or the Government which will have to step 
in but There is nothing to be afraid of it a% ultimately it ivS for the good of the 
nation as a whole. It i.s a well-known proposition that the higher the load factor 
on a systljm the more efficient is its working and a large network controlled hy a 
singles National Authority is the best means of obtaining the most efficient 
conditions of working. A second important aspect of electrical energy as applied 
to chemical industries is the nature of supply viz., A.C or D.C. \t present, for 
generation and transmission on a large .scale A.C is indispensable. Strenuous 
attempts are being made to develop high Vt^tage D.C. transmission but we ate yet 
far away from it. " 1 ‘hose mdustries, therefore, which depend upon D.C. power will , 
be somewhat at a disffdtantage compared with those which can utilise A-.C. 

5 . Dr. J, N Ray, New Delhi. 

The chief difficulty in the establishment of electro-chemical industries in India 
is -the high cost of electric power as compared with the co.st in the other countries. 
Moreover, the founding of a research institute would not immediatel> solvers India’s 
diffiiculties, as we are a long way behind even in the matter of production of such 
simple equipment as dia|!^ragms, electrodes, etc., etc# Instead of wasting public 
money on theoretical industrial problems, it would be betirf* if some attempts arc 
made to overcome the initial^ difficulties such as enumerated al>ove 

6. Sir vS. S. Bhainagar, New Delhi. 

After 'the last (^reat War, electro-chemical processes have assumed a great 
uniKirtacice in the field of chemical and metallurgical indu'.tries and in fact, several 
purely chemical processes have been or are being rapidly replaced by the electro- 
clieniical methods, l or instance, the production of one of the most impe^rtant 
alkali, caustic soda, is now' largely carried out by the electro-chemical method, the 
chemical method of causticisation of sodium carbonate becoming rapidly out of 
dale. Chlorine, another iniportant product of this process, is one of the most 
important chemical both in times of war and peace. In the field of metallurgical in- 
dustries, the production of magnesium metal, for example, which used to be accom- 
plished through a chemical process, is now' mainly carried out by the electro-chemi<^ 
process. Recently, electricity has been found to be of great assistance in the prodm;- 
tion of organic chemicals, such as the polyhydric alcohols, and has incidentally saved 
considerable plant equipment and complicated machinery. The standard of quality 
of the electro-chemical products is generally said to be higher than that obtained 
in the chemical processes. t 

Apart from these advantages, the employment of electrical processes in pre- 
ference to the chemical methods will affect considerable saving of fuel and although 
this may not bring about a proportionate reduction in the cost of prodilbtion, this 
aspect will be a great boon to countries like India, with poor and rapidly depleting 
fuel resources. In view of these developments, I strongly feel that the future of 
chemical industries in India, having rather poor fuel resources but vast possijbilities 
of cheap hydro-electric pqwer, is intimately bound up with the developtpent dt 
ejectrp-cheinical processes. In fact, the* S. I. R. has pl^s^ for providing a 
j^eparate Electro-chemical Section in the proposed National Chemical laboratory. 
Moreover, the Director of the Indian Institute of Science has told me that he 
wishes to locate an electro-chemical lalx»isatory at Bangalore, where power and other 
facilities and the healthy conditions for industrial development may make this a 
happy choice, but I have no doubt that overlapping and duplication will be avoided 
excepting where absolutely necessary. 

During the last few years of its existence, the B. S. I, R, has given attention to 
the study of some electro-chemical problems such as the manufacture of magnesium, 
beryllium, alloys, sodium h3rposulphite, etc. These scattered problems need a 
house and I hope that as a result of your deliberations today, a place forffeveloping 
an electro-chemical research centre in India will emerge. I can" assure you thS 
the Council of Scientific and Industrial Researcdi, will, indeed, be very happy to 
have your suggestions *and will, I hope, be willing to finance &aitfuf investigapotti 
on the development of electro-chemical processes in India. , 
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7. Dr. B. B. Dev, Madras. • - 

The application • of electric current to chemical industries has mainly heen in 
the field of inorganic chemistr5^ such as in the electrolysis of brine for alkali and 
chlorine, for the preparatidn of hydrogen and oxygen and the chlorates, for tjie 
deposition of nickel, copper and chromium in the electro-plating industries, for 
electro-winning and electro-refining and in the electric furnace industries for the 
manufacture of ferro-alloys or of non-metallic products like calcium carbide and 
calcium cyanamide. 

Although in bulk and value, organic products cannot compare with inorganic 
products cited above, they find such important applications as dye-intermediates, 
photographic developers and drugs that it is surprising that so little prominence 
has been given to the niatiufacture of organic products by electrolytic nietlKKls. 
This is not because electrolytic methods have not been employed in organic 
industries— in fact numerous applications have occurred—but to quote Tliatcher, one 
of the pioneers of technical electro-chemistry in America, “it will pr»)bably be 
diflicult if not impossible to cite another branch of applied science, in which vSuch 
extreme reticence has been maintained’*. 

The tyi)ical reactions of organic chemistry like reduction, oxidation and sub- 
stitution may often be carried out with ease by electrolytic methods. Kxpensive 
reducing or oxidising agents like tin, lead peroxide or chromic oxide are dispensed 
with and there are no sludges of inorganic bye-products to remove. The course and 
final products of electrolysis are influenced by more than a doren factors, the most 
important of which are : cathode material, compc»sition of electrolyte, concentration 
of electrolyte and depolariser, current density, the presence or absence of catalysts 
and temperature. Once the right conditions for achieving a particular desired 
result have been determined, the electrolytic method haft proved superior to the 
chemical method, because of the greater ease of control over the reaction. 

Under the auspices of the Board of Scientific and Industrial Research, researches 
on the manufacture of dye intermediates like benzidine, tolidine, para -a mi no-phenol 
and others by the electrolytic method have been in progress for the past two 
years in the chemical lalx)ratory of the Presidency College, Madras. The pro- 
duction of benzidine has been studied on a pilot-plant scale handling from tw^enty 
to thirty pounds of material in each operation. Both in this and in the case of 
para-amino-phenol, the results obtained by electrolytic methods have jiroved very 
satisfactory. Barring a few patent specifications, some of which proved to lie 
misleading, there w’as little information in published literature on the details, such 
as the nature and shape of cathode material, the compo.sition of the diaphragm, 
the concentration of electrol>^e and depolariser, the temperature conditions, or the 
catalysts, a knowledge of all of wdiich is essential for operating a commercial plant : 
The importance of research before launching on the technical production of organic 
compounds cannot, therefore, be over emphasised. India is on the thre.shold of 
great industrial developments. Organic chemicals will liave to Ik* produced in 
this country on a tnuch larger .scale than ever before, particularly for the dye and 
drug industries. , Since we are favourably placed wdth regard to the supply of 
hydro-electric power, intensive research on the applir.ation fd electro-chemical me- 
thods to the production of organic compounds should now l>e planned ami carried 
out extensively in this country, 

rv. standardisation of certain terms in INDIAN 

GEOLOGY. 


{Sect ion of Geology,) 

Dr, a. S. KAtAPKSi, Bomba}', presided. ^ 

1. Mr, N. N. Chattrrjki:, Calcutta, opened the discussion. 

riie subject is of great importance to the students and workers in Indian 
Oeology. Any serious worker in Indian Stratigraphy mti.st have consulted freely 
the omcim puhliccjtion on the geological terminology published l)v the (.R'otogical 
vStiiwey of India {Memoir Vol. 52 compiled by Sir Thoma.s Holland) and in m 
Going he must have come across certain stratigraphical terms derived from topo- 
graphical iiame<i which have one or more alternatives. These alternatives may 
wn to unnecessary confusion and it is highly de.sirable that the 

authorities of the Geological Survey of India and of the otlier State Oeolo|ical 

2 moved to standiirdi.se such terms and to adopt only one for 

rerenrfv V' M. S. Kri.slinan’.s l)ook, Treology of India and Burma* 

siieif iSi f’ r suggested in some cases new altemative.s, 

su^i as Kadapa; Damodar, Jubbulpore, Vcmpalle, Bundair, Varkale etc., thereby 
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causing further confusiou in geological terminology. Rehommendations regarding 
standardisation and adoption of only one particular term and* to avoid alternative 
ones should be made to the authorities concerned. This move if carried out in the 
right direction will surely avoid all future confusion and will be of great help to 
the future workers in Indian Stratigraphy. 

I think a few examples given below will make the subject quite clear to all. 

• According to Indian 

1 . Cnddapah (Kadapah) system Geological Terniinology 

(I.G.T.) 

2. Cheyair (Cheyyeru) series „ „ „ 

3. Damuda series ♦ „ ,, „ 

4. Bezvada gneiss „ ,, „ 

5. Jabalpur group „ „ „ 

6. Gulchera quartzite ,, „ ,, 

7. Vaimpalli slates and limestone ,, ,, 

8. Pulivendla quartzite ,, „ „ 

9. Blaini (Blini) beds ,, m 

10. Barmer (Balmir) sandstone ,, ,, ,, 

11. Atgar (Athgar) or (Cuttuck) stage „ ,, ,, 

12. Ramthi (Kamptee) series ,, „ ,, 

13. Kundair (Khoond>air) stage ,, ,, „ 

14. Kundghat (Khund-ghat) beds ,, ,, ,, 

15. Kaimur (Kymore) series ,, ,, „ 

16. Makran (Mekran) group ,, ,, „ 

17. Nahan (Nahum) stage ,, ^ ,, ,, 

18. Papaghni (Paupugnee) series ,, ,, ,, 

19. Rajgir (Rajgriha) series ,, ,, „ 

20. Tanawal (Tanol) series ,, „ ,, 

21. Tirupati (Tripetty) sandstone ,, ,, ,, 

22. Tirhowan (Tirohan) limestone ,, ,, ,, 

23. Utatur (OlJtatoor) stage ,, ,, ,, 

24. Paniam (Paneum) stage ,, ,, ,, 

25. Kirthar (Khirthar) series ,, ,, ,, 

26. Warkah- 

1. Cuddapah {Kadapah) system (according to I. G. T. Mem. 52). 

W. King in Record G. S. I. Vol. II (1869) mentions Kuddapah formation. The 
rocks forming greater part of the Kuddapah and Kurnool Dt. in Madras Presidency. 
I'rom the Kuddapah District the name Kuddapah formation has been assigned^ 

W. King in Memoirs G, S. 1, Vol. VIII (1872) mentions Cuddapah town and 
district but coins Kadapah rocks and Kadapah series partly representative of the 
great Vindhyan series of India. King always mentions in this Memoir as Kadapahs. 

Later on King in Mem. 18 (1881) writes Cuddapah formation* on page 36. 

P'oote in Mem. 16 (1879) mentions Kadapa series in dealing with the geological 
structures of the East Coast. 

From the above it appears that the name of this formation has been changed 
from time to time by the same author. It appears that there are 4 temts for thin 
series namely— 

n) Kuddapan 

(2) Kadapah 

(3) Cuddapah, 

(4) Kadapa. 

I think this should not be allowed in the literature. It was perhaps assumed 
that as the name of the district is written in different ways the name of the 
formation should also be written in those ways. I think the sooner that practice 
is abolished the better for us. By way of argument I may say that the name of 
the district may be spelt in another fashion in future or the name of the district 
may be changed altogether but that should not lead us to change the name oftthc 
geological formation or to adopt alternative terms. We should always prefer only 
one term to denote a geological formation in the Indian Geological Terminology. 
But if the place name suffers frequent modifications or complete change in the 
haitds of the political authorities or the Surveyor General who is responsible for 
preparing different editions of the Survey maps we can include suilable explanatory 
notes in the text of^the terminology volume. As the term are incoi^ated m 
the world’s geological bibliography it is desirable that the plmrity of tenns should 
be recognised and the use of only the older one aliould be -^couraged |md strktiy 
enforced. ■ 
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2. Cheyyeru {ckeyair) series (I. G. T.). 

King in Mem. 8 says : — ^Thc group is traversed by the Chey-air after which it is 
named more particularly as there is no large town in the field by which to dis* 
tinguish it. But in Memoir Vol. 43, Sir^Thomas Holland writes that the naming 
was done by W. King from the river Cheyyeru w^hich traverses thg; series in the 
Cuddapah district. 

From what has been just mentioned it is quite clear that there is sufficient 
confusion about this term even from one man*s writings and it is Ijetter that one 
definite term may be adopted rather than alternative ones. 

3. Damuda series (I. G. T.). 

Krishnan’s bpok-^Damuda (Damodar) series. 

Damuda is named by T. Oldham (J. A. S. B. Vol. 25, pp. 253 (1856) from the 
river which runs through the great Bengal coalfields in which the Damuda series 
is w^ell developed and includes the chief coal seams. 

Names proposed by Bland in Memoir \'ol. I (1859) a.s Damoodah Group, 
Damoodah valley, Damoodah coalfields. 

Mr. D. H. Williams published one geological report on the Damoodah valley 
about the same time. He also used these terms. But in Holland *s terminology 
(Mem. Vol. 52) we find tlie term Damuda series. 

Krishnan in his lx>ok has introduced Damodar series for the firvSt time in 1943. 

From w’hat has been said alxive it is quite clear that three terms have cropped 
up for one geological formation leading the workers to unnecessary confusion. 
Once the name of a geological formation is coined it should remain in the literature 
without suffering any subsequent change unless it is al>solute!y necessary to abolish 
it altogether due to sufficient geological reasons for doing so. It inust lx* adfnitted 
on all hands that out of respect to the authority who had once coined and termed 
a geological formation the later workers should respect the priority of claim and 
accept those terms as final and should in no case be tempted to introduce or offer 
any other alternative ones. 

4. Jabalpur Group (i. G,T.). 

Named by T. Okiham who mentions in Records O. 5 n. I. \"ol. I\’ (1871) that 
in the vicinity of Jabalpur and stretching down the valley of the Narbada to the 
Sher river and a little beyond and forming also a narrow outcrop fringing the 
general line of the trappean lK>undary to the east and north of Jabilpur, a 
distinct group of rocks is recognised by Medlicott (J.G.) in 185(k57. First designed 
under* the inappropriate name upper Damuda. Name Jabalpur group was 
substituted for upper Damuda. 

Every Ixjfly knows tliat at the present time the tower and district are spelt as 
Jubbulpore and it is a matter of .satisfaction that the authorities of tfie Gt?(>logicaI 
Survey of India have not changed this naming and added another alternative one 
within brackets, -ivrishnan, however, has mtroducetl th<* term Jubbulpore group 
apparently after the present day spelling of the town. If we adopt this then it 
will necessarily follow that the naming of this geological formation wall Iiave also 
to suffer subsequent modification according to any future change that may take 
place in the naming of this town — a thing which should not l>c encouraged. 


5. Gulchcru quarhitc (I. G. T.). 


Krishnan — Gulchcru (Guviala cheruvu) stage. 

Named by W. King (Mem. Vol. 1872) from ,tbe village of Gnlclieru 

(Gulvala *cheruvu) in the Cuddapah district. 

King WTite&-~'‘This series (Goolcheroo quartzite) is made up of a set of 
quartzites whkh fonn the fringing scraps ami eastern slt)i>e.s of the western hills 
from about Goolcheroo to Lorepoor on the Toongabhadra and a thick sul>gTOUp 
of slates and limestones of which the lx>ttom of the long valley ItehiiKl the scarp 
IS made up. 


From the above it is quite clear that this series mav be named in different 
fashions, namely — 

(1) Gulcheru 

(2) Goolcheroo 

(3) Guvvala cheruvu. 

(4) Gulvala cheruvu. 

I think it is evident that so many l^rms with such unsteady spellings should 
not be allowed to be incorporated in the bibliography for one and iha Sanaa 
geological tonnation. It is rather our duty to standardise and adopt only one term 
for advantage of the workers both in India and abroad. 
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6. VaimpaUi slates and limestones (I. G. T.). 

Krishnan (W3) — Vempallti. Krishnan insists that Vempalk is the correct 
spelling of the village in modem maps. 

Vaimpalli is named by W. King iMetn. Vol. VIII, 1S72) from the village of 
Vaimpalh ('^empalle) in the Cnddapah district. The name of the place is also 
spelt by W. King as Vaimpnlly in Memoir Vol. VIII. From above it is quite clear 
that iCing knew the different spellings of the village VaimpaUi but he coined and 
adopted VaimpaUi and Vaimpiilly as the name of the geological formation. This is 
contusing but in the Indian Geological Terminology volume only VaimpaUi has been 
adopted. Krishnan *8 suggestion in 1943 will add further confusion. A reference to 
older editions of Survey of India maps will show many cases where different 
spellings were adopted in different editions. Moreover m the future editions of 
the topographic maps the names of places may again be slightly altered but that 
should not be the guiding prmciple for the geologists to change the name ^ the 
geological formation accordingly. It is high time that ^uch lerins which may 
create confusion were scrutinised and the older terms or some definite standardised 
terms were adopted once for all. 

Several other examples may be cited. 

In the foregoing pages I have made an attempt to place before the meeting the 
present position and have tried to show how the confusion exists with regard to 
certain stratigraphical terms in Indian geology and how the different authors have 
from time to tune been tempted to add new names thereby causing further 
confusion. 

I hope as a result of this symposium this matter will receive due consideration 
in the hands of the authorities concerned. If it is not possible to carefully 
scrutinise all the possible terms here at this meeting I would propose to form a 
small committee which should go deeply in the subject and come to i>ome definite 
recommendations which may ultimately be forwarded to the Director Geological 
Survey of India, Mysore Geology Department, Hyderabad Geological Survey, 
Burmah Oil Co., etc. for consideration. 

We may, however, if we all agree adopt the general prmciple that in ordpr 
to avoid unnecessary confusion for certain terms in Indian Stratigraphy only one 
term should be finally adopted and should find place in the official Terminology 
volume and should be incorporated in the bibliography. The attention of the 
different authorities concerned may be drawn to this recommendation. 


2. Dr. Kazi S. Ahmad, Aligarh. 

I strongly support Mr. N. N. Chatterjee’s proposal. I may say that I have 
experienced the same difficulty in the use of topographical terms in the books on 
Geography. The difficulty has been that books in English were written by 
translation from local Vernaculars and new books are being written by translations 
from current English books with the result that we have arrived at place names 
which do not exist in India. I suggest not only the standardization of the spellings 
of the various terms but also the standardization of pronunciation. I also plead 
for the simplification of the terms. Some of the terms of South India were ao 
d^ifficult to ^ pronounce. A collaboration of the Geological Survey of India and the 
Topographical Survey of India may be necessary for the purpose. 


3. Mr. N. L. SHARy\, Delhi. 

giving examples qf \po many 
words in Indian Geological Terminology which require to he standardise It ist 
necessary for this purpose first to enquire from the various parts of India the 
correct pronunciation of the place name from which the paitienlar name of a 
geological formation of India is derived. It is possible only then that the cotrect 

names. The names on the topographical 
maps even are often not spelt correctly. I think ‘Damodar* is the co?rSt n^e 
and Dr. Knshnan is, therefore, justified m changing ‘Damuda’ into ‘Damodar» in 
his recent book on Geology of India and Burma*. 


4. Dr. B. h. G, CtRGG, Calcutta. 

The Manual of the ^ology of India was being revised gnd that the terms 
Manual would be used by tlte Geological Suiyey of India in sut^aauefit 
publications. In the past the spellings 6f place, names we?e tak^n ^ 
Imperial Gazetteer and geological synonyms had genenallv been sriven^ 
Bibliography (Holland, mrnoifs, G. 5. Vol ^ ^ ^ 
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5. Mr. J. Coates, Digboi, Assam. 

Dr, Clegg, in his remarks, has reminded us that the new edition of the 
‘^Manual** will become the official reference for the correct spelling of stratigraphical 
Is^rms. He also indicated that tlie spellings adopted by the Geological Survey of 
India are customarily taken from the last edition of the Gazetteer, lit seems to 
me that the last word will in practice rest with Geological Survey of India, but 
that Mr. Chatterjee*s paper has been valuable in putting forw'ard the suggestion 
that names once standardised should be kept unaltered — a suggestion that is 
odiously attractive— and that we here have now the opportunity to indicate 
to the G. S. I. what is the feeling on this subject of other geologists in the 
country. 

6. Dr. C. S. Pichamuthu, Bangalore. 

Many of us are grateful to Mr. N, N. Chatterjee for bringing up this question 
of standardisation of nomenclature in Indian Geology before this session of the 
Congress, From his opening address, however, I notice that he is concerned more 
with the standardisation of the spelling of names, 1 would wish, however, that we 
went further than this and examined all aspects of tliis problem of nomenclature. 

It is the experience of practically all of us that sometime or other we have 
come across the great diversity in the spelling of Indian place names. As one 
who comes from 5^uth India, I should like to give an illustration of this by re- 
ferring to what is known in Indian Geology as tlie Warkalay Formation. H. J. 
Carter in 1857 refers to these rocks in his “Geological papers on Western India” as 
Varkalay, W. King (1882) was the earliest geologist to make .somewhat detailed 
survey of these rocks, and he calls them the Watkilli beds, put in a footnote states 
“otherwise lViir-KnUay'\ It is interesting to note that in the geological map of 
Travancore accompanying King’s report, the village is spelt U ur-Kullay, though 
in the legend it is given as W'arkilli. Bruce Foote (188,^) adopted King’s spelling 
of Warkilli, but Medlicott and Blanford in their “Manual of the Geology of India” 
{18d3) spelt the name of the village as Warkalli. The Travancore geologists have 
been spelling it as Warkalay and that is how it is referred to in all their 
published reports. On page of Wadia’s Geology of India” (1939) ii is printed 
as Warkali. Dr, Krishnan in his “Geology of India and Burma” (HM3) refers to 
these beds as Warkalli, but within brackets gives Varkala which is how the nanie 
of the station is spelt by the .South Indian Railway. This gives us no less than 
eight variations in spelling the same name. 

One can easily imagine the difficulties that must have beset the early geologists. 
They codld only have cibtained many of the names from local peoi>lc, and what 
they heard they have attempted to traiiscTibe into Hnglish, Since it is also not 
possible ill many ca.ses to represent the sounds of Indian names accurately in the 
Fnglish language, differences art lx)iind to arise. There arc. al.s^> differences in 
the spelling of names in the various maps available to geologists, and so this 
again leads to variations . 

It should, however, be possible hereafter at least to attain a certain amount 
of uniformity in the spelling of place names, but even if this is done, I think it 
would still be necessary in standard books on Indian geology, to give the different 
variations in the spelling of certain terms as footnotes. 

If, as has been suggested, a committee of the Geology Section of the Indian 

Science Congress is appointed to go into this question, it seems to me that it 

would be better if it did '‘not confine its attention only to the spelling of place 
names, but also bestowed attention on the standardisation of mineral and lock 
names. The Geological Survey of India i.s ot course the premier scientific organi- 
sation to which we have to look to for a lead in this matter, but I am sure that it 

would welcome any help that such a Coniiiiittee is able to render, 

7. Mr. I). K. Chakravarty, Lahore. 

Two b«ve been raised. One of these, namely, the alternative spellings 

of names involved in .stratigraxdiical terminology as found in geological 

literature in India, can, in my opinion, be easily settled by following the principle 
of priority as followed in Botanical and Zoological terminology. I'he second jxwnt 
refers to new nomenclature involving a place name ; for thi.s we have to depend 
on the spelling shown on the latest edition of the topographical map of the area 
concerned published by the Survey of India. It i.s hoped that the fir.st suggestion 
will receive due consideration at the time of compilation of the new ecMtioii of 
the Manual of Indian Ge<ilogy that is going to be published by the Geological 
Survey India, and the second one by the field geologists when they have an 
ocq^»^oii|>v)r naming a new stratigraphical unif discovered by them. 
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8* Mr, W. B, Mbtre, Lahore. 

Several of the geological formations in India are named after villages, towns, 
hills, and rivers, but these have been spelt differently in various editions of the 
Survey of India topographical maps. It will be convenient to seek co-operation 
of the Survey of India in standardizing the spellings of the place names, 

Anotherl matter which needs a more careful attention^ of this section is that 
wdiere there are several names used to describe one geological forn|ation, only 
one term should be retained. I, agree that as far as possible the oldest name 
should be retained. But we should be prepared to discard old names which 
include beds of different ages. I have two such instances from Assam in my 
mind. In the earlier geological literature the term Therra sandstone* appear to 
have been Uvsed to describe beds wdiicli are now known to include the Jowest 
Tertiary beds and alst> a part of the Cretaceous rocks of the Cherraputiji area. 
Recently there has been a tendency in some quarters to restrict the use of the 
term ‘Cherra Stage’ to the lowest. Tertiaries of Clferrapunji, which according to 
the work of the officers of the Creological Survey of India correspond' to Dr, Fox’s 
Tura .Sandstone .Stage in the Caro Hills. As this correlation is based A very 
sound evidence there .should be no difficulty in discarding the term ‘Cher#a*Stage’ 
and replacing it by *'i'iira .Sandstone Stage’. Another instance is that of ‘Nongkulang 
beds’, named after a village in the Khasi Hills from where Godwin-Austen made 
collection of fossils. Recent G. S. I. and B. O. C. work has shown that most of 
the rocks here belong to the Kopili Stage (Eocene), whereas Spengler who 
examined Godwin Austen’s collection suggested Oligocene age for some of the 
fossils ! In view of the doubts about the intended range of, and the actual age 
of, the Nongkulang beds, it is undesirable to continue using this term. 

I suggest that the final choice of the most suitable terms and the standard!^ 
zation of the spellings of different nAmes be left to the Geological Survey of India. 


Resolution 

At the close of the sympovsium the following resolution was adopted : 

“Resolved that the Geology and Geography Section of the Indian Science 
Congress Association at its 31st Session held at Delhi in 1944 recom- 
mends to the Director, Geological Survey of India that in order to 
avoid unnecessary confusion for certain stratigraphical terms in Indian 
Geology derived from topographical names only one suitable term should 
be standardised and finally adopted and incorporated in the Geological 
literature’’, 

“Resolved further that a copy of this resolution together with the Hull text 
of discussion on this subject be forwarded to the Director, Geological 
.Survey of India for necessary action”. 


V. LOCUvSTvS AND THE SPECIES PROBLEM. 

{Sectiofis of Zoology and Entomology.) 

Dr. Vishwa Nath, Lahore, presided. 

1. Dr. K. B. Lal, Cawnpore, {Communicated). 

Specific separation in insects has been based upon a wide variety of criteria, 
varying from the most flimsy to well-defined and stable characteristics. Next to; 
structural peculiarities, differences af colour, 'size and hosts have* been most 
commonly used to distinguish one species from another. The use of the latter 
characteristics alone in naming species has led to confusion in systematic work, 
indicating a definite need for agreeing upon the criteria for specific separation 
For the locusts Uvarov’s now well-established theory of phases has necessitated a 
revision of their specific nomenclature. In addition to phases, locusts are amenable 
to grouping into sub-species, varieties, geographical races and perhaps biological 
races. A clear understanding of the nature and, if possible, the limits Of 
groupings, appears to be of intere.st not only from scientific viewpoint but also 
from practical view. 

In India the exact systematic status of the migratory locusts, Locnsta migratorid 
Linn., is yet to be determined. Is it identical with one of the forms inhaMting 
the various regions of the old world or is it a form by itself ? In entomological 
literature, the forjms migraiorioidcs R. and F., inhabiting Africa, is consider^ a 
swarming phase of the species L. migratoria Linn,, written as a sub-species and 
referred to as a race. Should Uvarov’s ‘phase* have any taxonomic statnft at aH 
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because the characters on which it relies are not only eaailjr changeable but can 
even be produced at will, or should it be considered a combined equivalent of the 
two terms, ‘sub-species* and ‘biological races* because the characters, distinguishing 
phases, are both morphological and biological. Again should the same species 
embrace such divergences of form and habits as are typified by the different so-called 
races of L, migratoria, even though occurring in difjerent lands? Or should specific 
division ignore differences other than that of morphology except for the reinforce- 
ment of its own purposes? It seems that in locusts intra-specific rather than 
inter-specific questions are the more important. ‘ 

2. Y. Ramchandra Rao, Bangalore, {Communicated) . 

The chief difference between a grasshopper and a locust would appear to be 
the ability of the latter to exhibit phase variations in response to changes in the 
environmental conditions. W^ile the solitary phase form resembles an ordinary 
grasshopper, the gregaria phase, resultisg from crowded breeding, is in many 
species of locusts so markedly different that before Uvait)v brought clear evidence 
to contrary (Uvarov 1921), the phase form were considered to l>e entirely 
different species. 

Studies carrried out during the last two decades have shown that, among 
locusts, under the stress of a c^m^^entration of population and a crow'ded breeding 
brought about by the developintnt of favourable environmental conditions, a variety 
ot changes — psychological, physiological and morphological — may occur. ’ A crowd 
mentality is developed, and lx)lh in the adult and the hopper stages, greater 
activity and mobility are inxhibited. WTiereas in the solitary phase, both the 
hoppers and the adults tend to possess a coloqt*^ pattern stimulating the environmen- 
tal coloration, in the gregaria phase, the pattern is of a vivid type <lesi gned to 
facilitate easy mutual recognition between members in swarm.s. Such changes may 
also be accompanied by morphological changes in the body of the locust in varying 
degrees, capable of l)eing measured accurately by biometrical measurements. 

A biometrical examination of a very large series of specimens of the Desert 
Locust has showm that, as a result of a crowded existence in the hopper stage, 
the adults liecoine profoundly modified in regard to the relative development of 
the various parts of the l)ody. In general, the wings tend to get more elongated, 
the femora to get shortened, the cheeks to get bulged, and the pro-thorax to get 
pinched in the middle. The differences are most pronounced in the extreme forms 
of pha.se variation, modifications btdng noticeable i|» all the different parts of the 
IkkIv, hut in the intermediate forms the changes may be restricted to only one or 
two of them. The locust may l>e likened to a mass of plastic material that is 
capable *of responding to the moulding action of the environmental forces to a 
greater or less extent proportionate to their strength. 

It has also been observed that when the environmental factors causing the 
development of the gregarious phase become weak or are no longer operative, 
the gregaria characters gradually tend to disappear. In the hopjier as well as in 
the adult stage, the^ glaring gregaria type of coloration tends to become trans-*^ 
formed into the ‘protective’ type— similating the environment — characteristic of the 
soHtaria phase. Hven in the case of morphological characters, a reversion to the 
solitaria type is noticeable in the succeeding new generation. The pliase characters 
would appear, therefore, to have no chance of l)ecoming fixed, and thus to have 
no influence in the evolution of new species. 

Wliereas no local races have l>c‘en found in the Desert IxKUst, aUhough it has 
a ivide distribution over Africa and Western Asia, five or more races of sub-species 
have lieeir recognised in the case of the Migratory I^nst — Locusta migratoka L. 
(Uvarov — 1936). This is presumably to be explained by the fact that, although 
the Desert Ivocust has four or more distinct regions of habitat distributed in the 
desert zones of Africa, Arabia, Iran and India, no geographic.il isolation has 
apparently occurred, as swarm flights are known to pass freely from one desert 
breeding area to another at the change of the season.s. On the other hancl# the 
sub-,species of the Migratory Locust are confined to comparatively restricted 
geographical races. (1) The sub-species Lucusta migratorla migratoria is confined 
to thV deltas of the rivers flowing into the Aral, Caspian and Black Sea.s, such 
as the Danul>e, the Don, the Volga and the Oxu.s; (2) L. m, rossica would appear 
to l>e confined to the forest areas of Central Rnssta (Waloff — 1940) ; L. fft. migfa* 
torioides to parts of tropical West Africa; (3) L. m. capita to the island of 
Madagascar; and (4) L. m, manilensis to south-crastern Tropical Asia and to the 
islands of the Philippines and the Malay Archipelago. The evolution of these 
distinct sub-species would appear to lie due to their geograph ij^’a I isolalicm, there 
being but little possibility of the inter-mingling of the swarmn of these 
specie^ with one another. 
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3. M. h. RoonwaIo Benares Cantonment, {Communicated) . 


Researches initiated by tTvaro^ (1921) have shown that the locust and grass- 
hopper vSpecies possess a high degree of plasticity. Locusta migratoria Linn., for 
instance, exists in two phases — gregaria and solitaria — which are morphologically 
so different from each other that formerly they were regarded as two quite 
different species. But now we not only know them to belong to the same species, 
but can transform one phase-form into the other at will in the Laboratory. It 
must be stated, however, that the phase variations are not inheritable and have 
therefore no genetical significance. 

The Indian locust — Schistocerca gregaria — exhibits well-known morphological 
differences in its two phases » but the differences in their eye-stripes wer««fir^t 
noticed by the author in 1936. Their details are as follow^s : — 


Phase gregaria 

1. Only 6 eye-stripes present'. Inter- 
stripes impure while, very often 
extensively invaded by chooc^late 
pigment of the stripes. 

2. Always with 26 antennal segments. 


3. Always undergo 5 moults, and thus 
have 5 hopper stages, the sixth 
stage being the adult. 


Phase solitaria 

1. 6 or 7 eye-stripes may be present, 
luterstripes generally clear, white 
not invaded by chocolate pigment. 


6. 6-striped individuals always with 
27 segments. 7-striped individuals 
with 28-^ segments. 

3. Some of the individuals have an 
extra moult, i.e., undergo 6 moults, 
so that there are 6 hopped stages, 
the 7th stage being the adult. The 
rest have 5 moults. 


The hoppers when they first hatch out of the egg have no eye-‘stripes, the first 
stripe being laid a few days later. Subsequently a stripe is added with each 
moult, so that the 6-striped adult is produced after 5 moults. The 7-striped adults, 
however, are of two kinds. One half of them are produced after 6 moults, the 
rest, though completely formed after 5 moults, have two stripes laid after the 
second moult. 

The 6-slTiped individuals are also of tw'o kinds. ThOvSe in the gregaria pha.se 
have 26 antennal segments, but individuals with the same stripe-number in the 
solitaria phase have 27 segments. 

In India the ratio of 6-striped to 7-striped individuals in Sfhisfoccrca gregaria 
is as 72 :28, but in Africa their relation is almost reversed, the ratio being ^ :66. 

The stripe-numbers are significant. Rao (1937) thinks that the stripe number 
goes with the locust phase. In the gregaria phase all the individuals have 6-striped 
eyes while in the solitaria they are mostly 7-striped. The stripes seem also to 
be linked with sex. The following is an analysis of the solitaria populations : — 
3-striped ... 63% 37% 

7-stripcd ... 36% 65% 

It is possible that Schistocera gregaria has two different races — ^recognisable by 
differences in the number of eye-strifjl^s^in India and South Africa. This view has 
so far not been put on a firm basis for lack of data regarding Western Asia and 
East Africa. 

It may thus be concluded that seemingly insignificant changes in the environ- 
ment can produce striking variations in morphological and physiological characters 
of the locust. But the question is, can one reasonably assume that these plastic 
species will one day split up into a number of more stable systematic units ? The 
answer is two-fold. Some types of variations, like the geographical variation, •have 
a distinct species-forming value. Others, however striking they may be (e.g., the 
phase variations), have no species-forming value. Still others, like variations in the 
eye-stripe numbers may or may not have a species-forming value, but since they 
are sharp, discontinuous and inheritable, the author credits them with this value. 


4. Dr. M. a* H. Qadri, Aligarh. 

The occurrence of polymorphic forms among the locust species has kd to 
5 
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confusion in tlieir taxonomy. Polymorphism may be due to one of the following 
causes : — 

1. Phase variations* 2. Size variations, 

3. Colour variations, 4. Abberrant variations, 

' 5. Blastogenetic variations. 

Of these five types of variations only the last kind is inheritable, j the first four 
are not. 

I, Phase variations : The phase theory maintains that the locusts occur in 
fonns which are different from one another a‘s regards coloration, morphological 
characters, behaviour l)oth in the immature stages as well as in the adults. Since 
these forms are interchangeable and periodic they are appropriately called phases. 
A given species may exist in three phases, vdz., phasis gregaria, phasis ^olitaria 
and phasis transiens. 

In the gregarious phase the hoppers are sharjdy coloured black and orange or 
black and yellow, though the colours don*t remain so bold in the adults. The 
pattern of the compound eyes in the adults, and lengdh-ratios of certain organs 
such as the fore-wing, hind- wing and the pronotum are different in the two phases. 
Both the hoppers and the adults display great activity and high nervous tone. 

In the solitary phase the colour of the hopper.s an<l adults is influenced to a 
great extent by the physical environment. The individuals remain calm and 
passive for the most part. 

In the third phase or the phasis transiens, the solitary locusts are on the way 
to l>ecome gregarious locusts or vice-i*ersa. 

Recent experiments in India and al)road have showm that a change of colour 
and presumably of phase, can be brought about artificially as, for instance, by 
forcing activity on solitary individuals or changing the colour scheme of their 
background. In nature, how'ever, such colour patterns may not result as an 
influence of individual’s activity or its environment, but may be just due to 
inheritance, for the black pigment of the gregarious phase is seen to be btMlily 
transmitted in the eggs and sperms that connect the successive generations. The 
oxygen uptake and the body temperature is visibly higher in the gregarious than 
in the solitary' phase. 

Since the phases have been shown to liave no specific significance, a revision 
of locust taxonomy has become necessary. 

2. Size variations : It is essential that these variations should l>c distinguished 
from the apparently akin biometrical variations of different phases whirl) arise 
from changes in the habit of a locust species. An instance of the latter tyjx' are 
the size variations in the five sub-species of Locusta, migraloria. 

3. Colour variaiious : Colour variations mainly follow' changes of pliases ami 
are tlfns not very important in taxonomit* studies, llie truly inheritable coUmrs 
must be distinguished from the colours produced by a change of phase 

4. Abberani variations : Abberant forms are v'ery common (unong the .\rri- 
diidac, and it is therefore very iin|x>rtanl for locust taxonomy that conclusions 
as regards the identity of a normal tharacter be derived from studying a very 
large number of cases. 

5. Blasiogenetic variations : The morphological features of this type arc the 
ones by which species can be reasfmably separated. Tliey are inheritable and 
permanent. 

Several important species of locusts and g^rasshoppers need further studies for 
ascertaining their correct specific afid .sub-specific position. Sehistoc erca, Cyriacan- 
thacris and Orthacanthacris may l>e cited as examples of these. 


VI. Zoology and the food problem. . 

(Sections of Zoology and Entomology.) 

Dr. Vishwa NaTii, Lahore, presided. 

1. Mr. S. K. Sen, .Muktesw'ar, (Communicated). 

* Animal husbandry' is usually regarded as I>eing more the concern of the 
practical farmer than of the z<x>logist. But wdien one is faced w'ith problems that 
concern the primary urge of human life, the urge of food, one readily recognizes 
the need of including animal husbandry, veterinary sciences, genetics and zooteebny 
m the science of zfX)logy. 

The value of India’s animal industries has l)een estimated at Rs. 1,300 crores 
per annum, including Rs, 540 crores which represents the value of milk and ntill^ 
products- India’s resources in milk «and milk products may be augmented by the 
miprovement of the indigenous bovine stock by breeding and the provision of 
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more fodder and hetfer grazing facilities. It is the concern of tlie systematic • 
zoologist to describe and designate the indigenous breeds of milk cattle in accord- 
ance with the rules of zoological nomenclature, so that they may be improved by 
selection breeding. It is also desirable to castrate scrub bulls in rural area^. 
The fodder problem can l>e best solved by growing both fodder and cash crops 
on one’s holdings. The outturn of the produce can be increased by the adoption 
of scientific methods of agriculture and the proper utilization of cow-dung manure. 
Equally important is the problem o^ cattle nutrition. This is greatly influenced by 
certain forms of helminth infestations, which provide almost unlimited scope for 
research for the zoologist. 

The notion that buffalo is a better milker than the cow is not based on 
incontestable facts. Preliminary investigations have shown (Sen, 1939) that pro- 
tection afforded to cattle from bites of flies results in a distinct i^rease in milk 
production. Both these questions await fuller investigation. 

The deshi fowls are capable of being rapidly improved by selection and by 
the method of breeding known as ‘progeny testing’. 

Ichthyology and apiculture may be regarded as side lines of animal husbandry.* 
The possibility of breeding marine fishes in inland waters and of domesticating 
Apis dorsata, the honey-bee yielding the bulk of honey in India, merits attention 
of workers in these lines. 

In order to afford protection to livestock from disease it is essential to know 
the life-histories of the parasites and it is in the field of animal husbandry that 
the collaboration of the zoologist is most peeded. 

Improvement in the method of utilization of India’s food resources may be 
effected by developing dairy husbandry in rural areas. 

2. Dr, vSuNDKRtAi, Hora, Calcutta. 

The fishery resources of India; the location of the principal fisheries; the 
effects of the existing emergency on the finishing industry ; the measures that 
should be taken to conserve the present supplies, with particular reference to the 
fisheries of immature fish ; establishment of nurseries for the restocking of tanks, 
reservoirs, rivers, etc; the need of conducting investigations on inland fisheries 
with a view to increasing the food supply in the country and to securing regional 
self-sufficiency ; the necessity for stud\dng the effect of factory effluents on the 
fisheries of the streams polluted by them and of dams and wiers on the move- 
ments of migratory fishes ; an investigation of the most suitable species for use 
under diverse conditions in different localities in the campaign against malaria; 
the need for reorganising the taking and distribution of fish under the emergency 
conditions and the stoppage of wastage in any form by the proper preservation 
of the excess quantities netted in cenaiii fishing areas and the full utilisation of 
all waste products. 

In dealing with the subject as outlined above, zoological studies on the ecology, 
bionomics and life-histories of the principal food-fishes of India, can lead to ‘^con- 
siderable improvements in the existing fisheries and scientific investgations con- 
ducted on a w'eli-planned, all India basis can prove very effective for the develop- 
ment of the fishing industry, which is even now next to agriculture and •animal 
husbandy in its economic importance. 

3. Dr. C. C. John, Trivandrum, {Communicated). 

Fisheries play a great part in providing food to the people, and ajthough 
^sliing is an important yidustry in many parts of the British Empire, in India, 
irca fishing is comparatively undeveloped. This is mainlv due to the coastal 
•hature of the fisheries, lack of suitable harbours and fishing crafts. But these are 
not exclusive factors. The improvement and expansion of marine fisheries is 
closely linked up with biological investigations regarding the migration, shoaling 
grounds, breeding seasons, feeding habits and food of fisheries. The study of 
the food and the feeding habits of fish is one of the best methods of locating 
important fishing grounds. Many instances of this are available in the literature 
on sea fisheries. In India, so far, work of this nature has stimulated very little 
interest. In this connection reference may be made to the papers published bv 
Sewell (1913), Homell (1923), Hora 0934) and Job (1940), and to the unpublished 
work of Sreedhara Menon of the Travancore University, The last worker has 
classified shoal fishes into three groups— microplankton feeders, macroplankton 
feeders and predacious fishes. 

From a review of. the work carried out in India, it appears that we have been 
concentrating on morphological and systematic study of marine organism Irres- 
pective of its value for the improvement of fisheries. In order to discover 
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Ashing grounds, facilities which are lacking at present, must be provided for 
extending the scope of work beyond the littoral zone. 

In the case of freshwater fisheries the study of food and feeding habits of 
fish are important not only for conserving and developing existing fisheries but for 
the protection of valuable fisheries from the ravages of predacioirs varieties of 
fish found in our important river systems. The freshwater biologists have to see 
that young fishes are properly protected during their migration, that facilities 
are provided for stocking them in suitable reservoirs, that indiscriminate fishing 
is avoided and that predacious varieties, which are injurious to the fisheries, are 
eliminated. 

Recent investigations conducted in the Marine Biological Laboratory at 
Trivandrum have show’ii that U all4igonia attu which is commonly believed to be a 
scavenger fish is in reality a predacious type of the first magnitude. 

It is, therefore, clear that the study of the food and feeding habits of fishes 
is of fundamental importance in the development and expansion of fisheries. 

* a 4. Dr. Hamid Khan, Lahore. 

To augment the fisheries of a country scientific knowledge of fishes is a neces- 
sity. Such a knowledge comprises — 

(i) information about breeding habits, development and life history of fishes, 

including study of eggs, their halcliing and rearing of fry. 

(ii) Qualitative and quantitative study of food, animate and inanimate 

which the fish feed. 

{Hi) A study of growth (to discover rapidly growing type). 

(i;*) Study of migration (this nece.ssitates the stud>' of fish lu<lders to faci- 
litate the passage of fi.sh up the stream to reach their spawning grounds), 
(i) Study of histories ot their enemies, friends and of their diseases and 
their control. 

(li) Study of environment suitable for the propagalit>n of tliherent specie.^ 
and effect on their growth. 

{vii) Tish culture and propagation of choice kinds of fish in public and 
private waters. 

Our knowledge regarding inland fisheries is very meagre. So attention has 
been paid to the fisheries in the canals. Rural pisciculture has only recently 
engaged the attention of pisciculturists. 

The practical aim of Tisheries Research, therefore, is to develop (he fisheries 
of the country to their utmost capacity. Ziwlogical sludie.s and researcli are thus 
urgently' needed to con.scrve, augment and utili/.e in the best |K»ssible .way the 
fisheries .sources of our country. 

5. Dr. Hkm Singh Pki thi, New* Delhi. 

Of all groups of animals insects are most intimately related to human welfare. 
They con.stitute one of the most iinjx>rtant rivals of man in exliausting the LkhI 
re.sonrces of the countrj*. 

They injure the food-plants by lx)ring into roots and steins, hy nibbling leaves 
and flowers, and by eating fruits and seeds. Insects arc also responsible for the 
transmission of virus diseases from one plant to another. Potato, sugarcane and 
tomato, all of which are important food-crops, are attacked by insect l.^onie diseases. 
The estimated total annual loss caused by imsects to plants in India is at least 
Rs. 800 .millions, which is about 10 per cent of the total value of Indian crops. 

In addition to damage to standing crops insects cause a great loss after the, 
f<x)d-grains have been stored. Stored rice and wheat alone suffer an annual loss 
of Rs. 2 crores from the attacks of the rice weevil. 

By spreading disea.se among the domestic live-stock, on which the cultivation 
of crops largely depends, insects indirectly affect human food. 

The control of insects, therefore, should l>e a very imfKirtant item on the 
programme of ‘‘Grow More IckkI” campaign. 

•All insects, however, are not harmful. The honey-lx*es, besides providing a 
wholesome .sweet f(x>d, increase the yield and quality of fruits by pollinating the 
flowers. 

6. Dr, M. L. Ro<>n\v.ai,, Benares Cantt., (Co^umnnicated) . 

Ihe study of birds and mammals to augment the source of food*»upply con- 
sists in the improvement in the various breeds of poultry ' and cattle and in 
bringing home to people the value of animal food. That is ]>riniarilv the business 
of the animal husbanry, dairy and medical men. The second a.siwct is' the zoological 
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one and consists in assessing the economic value of these animals specially in 
relation to agriculture. To know which birds should be • protected and which 
destroyed involves long and laborious study of the food-habits of Indian birds, 
regarding which we have today very little detailed information. 

The migratory birds like the ducks, geese and snipe constitute' an important 
source of fold among the people of certain areas. At the same time the ducks 
and geese destroy young paddy in the rice-growing areas of Bengal and Assam. If 
we know more than we do at , present about their migration-routes and their 
migrationrbiology we- could supply suitable resting places for them and protect them 
by preventing indiscriminate killing. 

As the relation of birds to agriculture is in no way less important than that 
of insects, for the study of which there are already a large number of centres, 
a central ornithological institute is an urgent necessity. 

In countries like the U. S. A. and Germany work on the lines outlined above 
has been carried out with conspicuous success for the last half a century. 

7. Dr. K. B. L/AJ,, Cawnpore, (Communicated). 

The production and preservation of food is profoundly affected by the activities 
of insects, both injurious and beneficial. 

There is no crop which is not attacked by insects. For example, the sugarcane 
is attacked by borers and pyrilla, paddy by the gundhi bug, apple by the woolly 
aphis, codling moth and the San Jose scale, and mango by the mango hoppers 
and scale insects. Termites and locusts prove a veritable scourge for the cultiva- 
tor. In storage, cereal grains, flouj and dry fruits are all subject to serious 
damage by weevils and other insects. Damage is also caused by the injection 
of toxic substances into the plant tissues, or because the wounds caused by insects 
provide ingress to fungi and bacteria or by the transmission of virus diseases, 
l^ffort in the production of food is impaired by the diseases caused by insects in 
human beings and domestic animals. 

Methods of controlling pests include the use of insecticides, the employment 
of mechanical devices, the growing resistant varieties, the manipulation of various 
cultural practices, and the utilisation of the natural enemies of pests. Methods for 
biologically controlling the borers of sugarcane and the woolly aphis of apple are 
under trial in many parts of India. 

Insects as pollinators of flowers assist in better fruit setting. The introduction 
of honey bees near fruit trees of other crops has increased the outturn, besides 
providing honey as an article of food. 

Investigations are now being launched in the United Provinces, for developing 
the bee-keeping industry uncfer a scheme of the Imperial Council of Agricultural 
Research. 

8. Dr. D. W. Dkvankskn, Madras, {Communicated) . 

Various Provincial Governments are giving their attention ‘to the augmentation 
and protection of our marine and freshwater fishery resources. The biodiemical 
aspect of the food problem lacks attention. With the help of the University and 
College Laboratories, Food-Charts can be produced to inform the public about 
the vitamin contents, percentages of protein, fat, calcium, magnesium, phosphorus, 
iron and copper present in each kind of sea-food, such as fish, oysters, clams, 
crabs and shrimps. The necessity for starting canning of sea-food is emphasized. 
Prcmaganda work on the importance of sea-food in the dietary, by means of 
leaflets in vernacular, is necessary to popularise sea-food. 


VII. CORRELATION OF STONE AGE CULTURES IN INDIA. 

(Sections of Anthropology and Archaeology,) 

Dr. a. S. Kalapesi, presided. 

1. Mr. P. Deraniyagaea, Colombo, opened the discussion. 

Investigation might reveal that many of the so-called stone age cultures St 
India are merely isolated fragments of one or two culture phases. Little is known 
about the stratigraphy and paleontology of our pre-historic sites, but the presence 
of hippopotamus fossils in North India and in Ceylon, and their absence from below 
the Godavari river to Cape Comerin suggests that geological conditions such m 
sandstorms, floods and redeposition have obliterated, severed or isolated }nto 
different parts what was once a single culture phase. The similarity of the to 
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the Ratnapur paleoliths of Ceylon was stressed by me at the 27th meeting in 1040, 
and in 1043 a similar claim has been made for Burma, Neither the hippopotamus 
nor this human stone cult could appear independently in North India, Burma and 
Ceylon respectively, and all tliree countries apparently reveal fragments of on^ 
culture phase. This is only one example of what a reinvestigation. of our pre- 
history will lead to, and for this purpose a committee of geologists aSd anthropo- 
logists interested in pre-history is necessary, for dealing simultaneously with 
stratigraphy paleontology and typology. This committee should (a) be a reference 
committee to whom all new discoveries should be rep<>rted (b) compile rules of 
publication and terminology for use by Indian pre -historians (c) re-study and 
correlate the known pre-historic sites grouping them into complexes, components, 
foci, aspects, culture phases, and patterns (d) decide who was the original describer 
of each Indian pre-historic cultnre. In conclusion I wish to stress the importance 
of studying the Pleistocene deposits of India which are a vast storehouse of 
knowledge unrevealed, of human and animal evolution and radiation to other 
countries, such as Africa and Malaya. 

2. Mr, D. Sen, Calcutta. 

The problem of correlating palaeolithic cultures is to be first solved. We luive 
to view the problem from different standpoints— stratigraphical, lypologic and 
pakt^ontological. The geologist and the pala*oiitok>gist sliould seriously take itj) 
the study of the Pleistocene geok>gy of India, particularly the iniplentifroces. 
deposits and help the archieologist in dating the cuUure.s. I may mention that 
geologists who are interested in pre-history should lake up the problem of dating 
particularly the Boulder conglomerate, and the laterites from which the most of 
the earlier cultures come. In North India, the stone age cultures have been 
fruitfully correlated with the glacial cycle of the Himalayas This correlation 
should be re-examined in the light of more recent discoveries and observations. 
We have to find out whetlier this kind of correlation can be carefully applied the 
cultures of the Peninsular India. 

Typologically we should be very cautious in the application of iKunenclatures. 
Many w’orkers in the field have taken after the P'uropean nomenclatures. I think 
it should be better if we evolve Indian nomenclatures for the cultures and use 
local names to avoid confusion. We can afterw'ards usefully compare ibe different 
cultures of India with those of Europe or Africa. 

I would strongly suggest that the stmly of palax>litbic and ncolitliic cultures l>e 
taken up on a regional basis and then results of our work be correlated. Only 
then it would t)e possible to reconstruct the stone age history of India as a whole. 
It is no 'use if w^e w’ork in isolated manner without^ knowing otlier workers in- 
vestigating in different fields. Only trained men should l>e allowed to excavate. 
Untrained amateur works should l3e definitely discouraged. And a scientific and 
co-operative outlook is to be cultivated. 

Pleistocene geology and archctology have l>een in a way no man's land..' The 
time has come wdien geologists and pre-historic archaeologists should i>ut their 
heads together in the study of the pre-historic past of this great sulj-continent. 

1 would suggest the formation of a central lx>dy or a sixiely consisting of 
experts who shall correlate and co-ordinate the results of the workers in the 
different parts of India with a view to fill up the gaps in the culture continuity of 
the stone age India. 

3. Prof. C. S. Pichamothu, Bangalore. 

Several speakers who preceded me and w'ho are worker.^ jn the anthropological 
field, have appealed to the geologists to co-operate with tliem in helping to fix the 
age of geological formations in ' which implements have been discovered in various 
parts of India. I realise the great importance of this type of co operation, and I 
am sure that this would be forthcoming if anthropologists would seek the assistance 
of geologists on specific problems of correlation. Pleistcxrene and Recent formations 
are comparatively more difficult for purposes of correlation, but a person trained in 
geological methods should be of great assistance. 

The question of the age of laterites was referred to by one of the speakers. 
Xliis is again a difficult (pestion. In Travancore State, for instance, two of 

laterite have been recognised according to their mode of origin. What are knowm 
as “residual" laterites overlie the crystalline rocks, and are merely a very 
characteristic, weathering product of the Tropiss. Very similar in appearance to 
these laterites are the "sedimentary" laterites which constitute the topmost Ixxl of 
the Warkalay Formation, and are more than 40 feet in thickness in places. It 
would be* impossible to compare the ages of these two types, for one type ha.s beeti 
fonned frqjn the top dowm wards, and the other from the bottom upwards. 
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In ]^fysore State, a collection of stone implements was ma^e by the late 
Prof. P. Sampat lyenger, and a description of some of these implements has been 
published by ray colleague, Mr, K. Snpada Rao in the My^re University Journal. 
The artefacts, however, were not found in situ in any lateritic or sedimentary bed 
and correlation is therefore not possible. 

I agree |hat this question of the correlation of stone age culture is of great 
importance in India, and I trust that with tlie collaboration of anthropologists and 
geologists in ever increasing measure, a step towards the solution, of this problem 
will be made. 

4. Dr. a. Aiyappan, Madras. 

In the task of correlation of stone age cultures of India very helpful data can 
be obtained by studies of the lilhic cultures of our neighbouring countries such as 
Ce>lon, Java, Malaya, Burma, etc. The exploration of caves undertaken by the 
Colombo Museum has brought to light the microlithic and neolithic cultures of 
Ceylon of which little was known previously. Recent work in Burma has given us 
more information about the nature and distribution of the vSoan culture. We* have 
to find an explanation for the close parallelism between the axe cultures of S. Afeica 
and of Madras. It is suggested that rock-shelters and caves, such as those of 
Kurnool, should be excavated as early as possible. Excavation of implementiferous 
soil at the base of sand dunes such as those at Sawyerpuram is also likely to be 
extremely useful. /Vt Manjankaranai and other lateritic sites, sections with .a 
succession of implementiferous layers are seen which geologists should examine 
more thoroughly. 


VITI. KTHNOLOGY IN INDIAN MUvSEUMS. 

(Sections of Anthropology and Archaeology.) 

Mk. P. E. P. Dukaniyagaia, Colombo, presided. 

1. Dk. A. Aiyappan, Madras. 

In their report “Museums of India*’ (London : Museums Association, 1936), 
Markham and Hargreaves state that the majority of Museums in this country 
“either completely ignore the subject [Ethnology] or have a few ethnological 
exhibit.s in industrial or archaeological collections. This is all the more regrettable 
as noivhcrc in the world are there greater opportunities for procuring representative 

and complete records of races still in all stages of cultural development .* 

unless the collection and preservation of material to illustrate their prCvSent condition 
is undertaken without delay, the opportunity will he for ever lost.** Scientists have 
long been imprevSsing upon the Government the need for ethnographic collections 
and an ethnographic survey of India. In Man, No. 113 (1901), p. 137, wnll be found 
printed the letter written to the Government of India by Sir Michael Foster, K.C.B., 
b'.R.S., President of the British Association and a reply thereto from the Government 
of India in the Home Department (Public). (Proceedings dated, Simla, 23rd May, 
1901.) vSir Michael Foster, after requesting the Government of India to obtain "a 
series of photographs of typical individuals of the various races, and if it should be 

possible, of views of archaic industries’* etc., suggested, “This would be 

the commencement of an Ethnological survey of India, similar to, and certainly no 
less important than the .\rcbaeological Survey, of which the Government of India 
may so justly be proud.*’ Provision was actually made in the plans of New Delhi 
for an Ethnological Museum, but the project still hangs fire! It is high time for 
an Ethnological Survey of India to be organized and the Ethnological Section of the 
Indian Museum now under the Zoological Survey to be enlarged into an Ethnological 
Museum which will be worthy of India and fully representative of the culture of its 
various tribes and castes, and also of some at least of our neighbours across our 
frontiers. This is a piece of scientific service to be undertaken by the Central 
Government, possibly in collaboration with the promoters of the proposed Asiatic 
Museum in London. •• 

Very few provincial museums now have an ‘ Ethnological Section. Those that 
have a special section and have an ethnologist on the staff confine their attentioit; 
as a rule, to the tribal cultures within their provincial borders. In the Madras 
Museum, for example, the need is often felt for extra-provincial ethnographic 
objects; but there is no easy means of getting them; it is not even possible to 
know what collections exist in the various museums, as guides or catalogues ol 
ethnological material published in India can be counted on the' fingers of one hafi4 
The only way out of this difficulty is that catalogues or at least lists of ethnolo^oal 
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collections in each museum should be made available for reference to all museums 
interested in the subject and an exchange service organised without delay. It 
should be possible also to appoint trained ethnologists on the staff of all the majo^; 
provincial museums, e.g., Bombay, Hyderabad, hahore, I/ucknow, and Nagpur, to 
carry out this urgent work of collection and classification. Messrs. Markham and 
Hargreaves recommended the appointment of an ethnologist in the Indian Museum 
to deal with tlie uiicatalogued and unpublished collections. No one will deny that 
the present stafi in the Ethnology vSection of tb,e Indian Museum is extremely in- 
adequate. Anthropologists should put in a strong plea to the authorities immediately 
to rectify this deficiency. 

The average Indian (including several museum w'orkers) does not sufficiently 
appreciate the great interest that the rapidly disappearing folk culture has for 
posterity. We are, most of us, ashamed of our aboriginals, and our peasantry, but 
nations with greater appreciation of the subject have their folk museums, e.g., 
those at Moscow, Copenhagen and Stockholm. Grierson's “Bihar Peasant Life" is 
a very good survey of the folk culture of that province. It is a matter of great 
regret to me that no similar survey" has been made of the Madras Province. The 
eiitei prising and vigilant etlinologists can and should rescue from oblivion such 
items of folk culture as are fast becoming mere names. To cite one example, the 
. indu.stry and vision of the authorities of the Colombo Museum brought to light the 
existence of numerous caste flags and insigniae of which in the Madras I*r« wince 
there are few' survivals and of whose existence there are only references in 
literature. 

The teaching of antliropology is becoming increasingly p<>]>ular in Indian 
Universities and it is hoped that the exhibits in university muscuins of PBbnolog)' 
will displayed on an evolutionary or cuUure-liisturic plan, as is .successfully done 
in the Pitl-Rivers and the Horniman Museums. Tliough the arrangement of 
ethnological exhibits in most of our museums will have to lx* geographical, Ixtter 
use should be made of the psychological device of compari.son anil contrast. The 
pros and cons of exhibition methods are fully discussed by W. H. Holmes in 
/. R. A. 1. (1902). 

Ethnological exhibits in Indian Museum.s enjoy very ^eat popularity with the 
visiting public. In England, they are second in popularity only to the P'gyptian 
collections. If there has Ixen neglect of Ethnology in Indian Museums, the X)ul)lic 
or the administrations cannot be blamed for it, for anthropologists have not 
approached them yet for support in any organized fashion. Archaeology i.s fashion- 
able in India and is encouraged' because of the powerful stimulus given to it by 
Lord Curzon. While archaeological sites can lx protected by the Government, it is 
obviously iinfx)ssible to conserve for posterity the rapidly vanishing folk and tribal 
culture?;. Hence the need for ethnographical museums is most urgent and 
imjxrative. Every day of delay in collecting in this field means the irretrievable 
loss of material for which |x>sterity will justifiably blame the present generation. 

2. Mk. R. VA.Sur>KVA prnK'VAt, Trwandrum 

The study of I^thnologv has suffered some neglect in recent vears probably, 
because of tlie lack of encouragement which it used to receive under the auspices 
of Government before. The ethnological collection in most of the Museums in India 
deserves to be considerably improved. In Travancore, howa ver, an attempt has 
been made in the preparation of lia.ster cast models of the rapidly disappearing 
hill tribes of the Slate and of displaying them in the wState Museum at Trivandrum 
wdiich contains a comprehensive collection of jewellery and musical instruments. 
Each Musearn should ordinarily concentrate in the collection and tlisplay of the 
specimens, of the district or linguistic area, which it represents and make H suffi-l 
ciently full and representative of the culture of the people for wdiom it is inteiuRaU 

vSecondly, it is highly necessary that the Museums Ass<xiation which was formed 
about 1937 should Ixgin to function and discuss subjects of common interc.st. 

Thirdly, steps should he taken for the starting of a journal of Indian IMuseum.s 
where subjects relating to museology should be treated. I would also suggest the 
establishment of a central institute for the encouragement of the study of Anthro- 
lopaU)gy, Ethnology and .Archaeology and would urge that a resolution should be 
passed at this meeting of the section of Anthropology and Archaeology on the 
•^siubject and forward it for neces.sar>’ action. 

3. Jyotsnak.\nta Bose, Calcutta. 

In India Museums are thought of as curio houses. The term 'yadughar* which 
IS used in Bengal for the Indian Museum literally means 'magic house*. This 
expression amply illustrate.s the idea of the people about the museum, and for this 
the mujjeurn authorities are res|x>nsible. Now-a-days the objects of a tnusetttn as 
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illustrated cannot be commended. The object of a Museum should be to illustrate 
the specimens in such a way that an ordinary man can easily get an idea from 
it directly from observation with the help of its labels. In India where there are 
about 25 millions of aborigines we have got very few museums with suitable 
provision for study of these tribes and others. Ethnological objects are generally 
huddled up iij a gallery. 

Ethnological museums should be developed into two groups — Provincial and 
District. The Provincial Museum should be arranged in geo-ethnic basis and its 
function will be to train men for the collection, preservation, exhibition and 
Museum organisation etc. The District Museums, on the other hand, should be 
arranged on the lines of culture history method and it will represent the collection 
of the district. The Provincial Museum will also conduct researches for the 
improvement of a people. They should also send suggestions to the authorities 
for the proper development of the tribal people. 


TX. MKTMODvS FOR IMPROVFMENT OF YIELDS OF PADDY, , 

(Serf ion 0 / Ai:ri( ultural Sciences,) 

Rao bAHAi:)UK Dr. D. V. Bai., Nagpur, presided. 

1. Dr. S. P. Aiyar, New Delhi. 

The average yield of rice in India is very low compared with yields in 
countries, such as Japan, Spain and Java. Tliis is accounted for on the basis of 
climatic and other factors based on latitude as well as industrial and scientific 
<lcvelo])tnent, and parllv on the basis of the high proportion of poor land used 
for rice grow’ing in India. The methods suggested for the improvement of yield 
are the development of high yielding varieties bv plant breeding methods,^ improve- 
ment in the water snpplv, control of pests and diseases, and the application of 
appropriate fertilizers. The various factors that control the yield are light and 
temperature, water supply, soil, nutrient elements, varietal response, and the 
nndhods of cultivation. In the fields, factors may not be controlled in full and 
the results of mnnnrinl experiments may not be successfully repeated in large- 
scale farming. The superiority of ammonium sulphate over all other forms of 
ammoniacal or nitrate nitiogen in respect of the paddy crop is stated to be due 
to the sulphate ion present in it. This view is further supported by a discussion 
of the special significance of sulphur in paddy nutrition. 

The active participation of agricultural chemists is stated to be essential not 
only to discover the nutritional requirements of the crop in relation to the soil 
but also to suggest suitable treatments. The failure of potassium in the tropics in 
modifying crop yields has been noted and the necessity for further research on 
this as well as other nutritional problems is indicated. Diming is considered to 
be unneces.sary or even harmful to paddy. In recommending a countrywide appHca- 
tion to the paddy crop of ammonium sulpjhate and superphosphate as a wartime 
measure, it is to be noted that there is great difficulty in obtaining supplies. 

Certain suggestions for improving the usefulness of agricultural experiments 
may be given. A proper soil map is stated to be essential to permit extending 
the experiments to larger areas. Pot experiments together with soil and crop 
analyses will be economical methods of discovering the manurial requirements of 
the soil. 

^ 2. Dr. Sunder Hora, Calcutta, 

• He explained how in special areas, such as the Sundarbans, where water 
remains standing in the paddy fields throughout the crop season to a depth of 
9" to 12", it is highly advantageous to introduce the young carps for culture. 
The fish eats the weeds and thus the cost of weeding is saved, the fish eatvS 
injurious insects and thus keep a check on the insect pests of paddv wrhile their 
movements through tillering action induce more shoots to come up thus resulting 
in the better yield of the crop. The fish excreta acts as manure for the paddy 
plant, llie fish gets plenty of space to move about and plenty of food and thus 
fattens well within a short time. P'rom the experiments carried out on a field* 
scale at Gosalia, it is clear that besides fish as a bv-product the actual yield 
of paddy can he increased bv 10—15%. Thus agriculture and pisciculhire can be 
worked as correlative industries. 

He stressed the, point that this method is greatly in use in Japan and was 
subsidised in the earlier stages by the Government by the means of free distribu- 
tion of fry. 
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It has been definitely ascertained that the crop is not damaged. 

In reply to questions Dr. Hora stated that shallow waters of the paddy fields 

act as nurseries for the fish and contain always sufficient air for the proper respira- 
tion of fishes. In Bengal there is a well established fish fry trade so there is no 
difficulty in buying fry for introduction in paddy fields. 

3. Dr. S. M. Sircar, Calcutta. 

War stopped the import of rice from Burma, and the consequences were 
reflected partly in the shortage of this essential food grain in Bengal in 1^3. 

We might trace the reason for the notorious Bengal famine of 1943 in the fact that 

Bengal is not self-sufficient in rice and has an annual deficit of more than 2 million 
tons of rice. Population of the province has increased more than 25% in 20 years 
while the yield of paddy during the .same period has gone down more than 20%. 

The main factors controlling the yield of rice are supply of water, manures, 
seeds, pests and diseases and lastly the method of cultivation. Unfortunately 
proper attention to all these factors is absent in the cultivation of paddy. In 
this ”province not more than 6%, of rice area is supplied with improved seeds, 
although the provincial Department of Agriculture since its creation is turning 
out new varieties which give greater yield. Water requirement for this important 
crop is altogether neglected ; it is grow^ti at the mercy of rain water which is verv 
uncertain and untimely. Sowing of rice is often delayed for want of rains and 
later excessive rain destroys a ripening crop. 'Fhis dependence on rain w^ater 
should be removed by irrigation and arrangements for drainage should he made. 
In India irrigation is generally done without regard to the actual watcfr require- 
ments of rice. It is suggested that in schemes of irrigation w'ater requirements 
of different varieties of rice grown under different environmental condilicms should 
be determined. This would help in ascertaining the suitable extent of time and 
the amount of irrigation water necessary for a particular variety. Tiie latter can 
be considerably reduced by the correct choice of the time of application. 

Regarding the npplcation of manures it is suggested that lK>th (U'gatiic and 
inorganic manures should lie used. I'or maintaining the fertility of soil artificials 
should he added from time to time. The countries obtaining higher >ici<l has 
accepted a general policy of using artificial manures. Application of mattures should 
be based on the requirements of different varieties of rice under different environ- 
mental conditions, so the nutrient requirement of a variety should Ik‘ a.scert lined 
first, then the proper quantity of manure applied. Time of application which 
has got a great effect on yield and also on tlie total quantity of manures retpiired, 
is to be determined for each variety. For increasing the vield of rice phosphate 
fertilisers should he used as soils in Bengal are deficient in this element. With- 
out phosphate, nitrogen in rice fields obtained either by fixation from atmospheric 
nitrogen or by the addition of manures do<‘S not iticrease the yield. It: absence 
of phosphorus, nitrogeti absorlied remains unmetalxilised an<l there results a 
failure of grain formation. 

Attempts shouTd be made to apply the technique of vernali/at!f)n in rice 
cultivation. Earlier maturity and increased yield arc the practical utility of this 
technique. In Russia the method of vernalization, having Ixen \vorke<l <>ut with 
temperate cereals, lias Ixen used in field practices with great sticress. Sufficient 
wwk to apply the technique to rice has not l>een done in India. 'I'hat the pr^)cess 
if successfully worked out holds out distinct |>ossihihties of sucressful application 
in agricultural practices in India has l*<*en demonstrated in my preliminary 
experitnents on venialization of rice by y)hotoperiodic treatments. Short day.s <4 
8 to 10 hours by cutting off the excess sunlight were given to rice seedlings, aged 
one week,* for 4 to 6 weeks in the seed be^l, then the seedlings were transplanted | 
in pots. As compared with the untreated plants an earliiiess of two weeksi and 
increased yield of 10 to 20%, were noticed in the experiments performed liy me. 
This method is applicable to the varieties of rice grown in the field after trans- 
planting as the supply of short day light to seedlings in seed l>e<l does not entail 
any practical diffiailty to rice growers. It appears that this woulil lx? a suitable 
method for inducing earliness and increased yield of paddy. 


-X. SCIENCE AND PRACTICE OF SOIL TILLAGE IN INDIA. 

{Section of Agricullural Sciences.) 

R%o Bahapuk I)k I). \' lUi., Xagpur, presided. 

Uir discussion was led by Dr B. Vi.swa Nath wdio reviewed tjUage expetiinei^l^ 
earned out throughout India and said that deep ploughing was not tiecestutry except 
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under special conditions. Deep ploughing once in five years to break up the sub- 
soil can be said to be beneficial. As the organic contents of the Indian soils ^ 
a rule were low and deep ploughing helped in' the rapid decomposition of this 
small store, the good results of deep ploughing observed in temperate climate were 
not seen in the tropical climate of India. Dr. Puri, Kai Bahadur Jaichand Lnthra 
and Kao Balijdur Dr. D. V. Bal agreed with the main theses of the discussion 
and quoted their experiences in support of this hypothesis. 

• 

Rai Bahadur J. C. Duthra, Lyallpur. 

Age-long practice followed by peasants in India has been to plough the land 
as many times as possible for preparation of sowing various crops. There is a 
well-known maxim that the more ploughing is done the greater the yield, but 
recently the view has been changed as a result of experiments carried out on 
agricultural farms that repeated ploughing is not necessarily conducive to more 
yield. What is actually required is that fine tilth should be produced before seed 
is put in. The extent of ploughing must vary with the kind of the crop. Deep- 
rooted crops, such as cotton, require better tilth and more ploughing. On* the 
other hand, gram does not need such treatment. One or two ploughings are the 
utmost that are given to this crop. In the case of rice, off-season cultivation has 
been found to depress yield. Old notions of farmers may be correct in certain 
ways but in one respect they must be definitely told that more ploughing, however 
long it may be, cannot increase the yield. What is most important is the main- 
tenance of fertility either by adding manures or adopting proper rotation. By 
continuous cropping soil is depleted of nutrients. This must be replenished. 
Opening up of the soil alone would not help for this purpose. The problem of 
soil tillage is, therefore, to be approached in several directions, i.c., texture, 
suitability for the various crops, fertility and methods of securing it. 

(Authoritative summaries of all speakers could not be obtained). 

XI. FOOD economics: 

{Section of Physiology.) 

Dk. S, N. ;Maxhur. Agra, presided. 

1. Mr, K. INIitra, Patna, opened the discussion. 

Food Economics may be defined as the subject which deals with the method^ 
that can be employed to exploit the resources of any country for maximiuii pro- 
duction of food and to utilize to ensure distribution and consumption of same in 
such a way that the people as a whole may gain and maintain health and 
immunity from diseases. 

Economists, agriculturists, physiologists, pfiblic health workers, and animal 
husbandry experts have after independent investigations comje to the one and 
same conclusion that India does not produce enough food to support her popula- 
tion and livestock even at the lowest level of health and efficiency. The speaker 
does not feel competent to discuss the various factors, e.g., poverty of soil, 
uncertainty of rainfall, fragmentation of land, unplanned cultivation or msufficiency 
of cheap iertilisers, etc., which are responsible for poorer agricultural production in 
this country as also to scrutinise the various methods that have been advocated by 
scientists and social workers ^like to remedy the existing defects. But one need 
not pretend to be an expert to state that scientific knowledge and technique yet 
.remains to be utilized .in production of food and fodder. Only last week, the 
'head of the Chinese Agricultural Mis^on, Dr. Pan was reported to have stated 
that in China the production of rice and wheat per unit area of land is almost 
twice as much as that in India. 

In the matter of planning food production, the physiologist has to play a very 
important role. He has to calculate in terms of the different items of food the 
requisite quantities for both the human and the animal population. It is an 
axiomatic truth that in a pre-eminently agricultural country the human nutrition 
workers cannot afford to ignore the problems of cattle nutrition. In any geogra- 
phical unit where both the human and the cattle populations have to live upon_ 
the produce of the land, the existence of malnourished cattle is a serious men^e 
to any movement for the betterment of thediealth of the people. At present in 
this country there is a regrettable lack of contact between the physiologists and 
health workers on one side and the agricultural and animal husbandry experts 
on the other. This deplorable state of affairs should be mended and gr^ef 
liaison established. Another serious drawback in the matter of planning Ts that 
no reliable or reasonably accurate statistics pertaining to the producti^ of tfie 
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essential edibles, such as milk, meat, fish, vegetabjes, poultry, etc., are available. 
The accuracy of crop production figures are not beyond reproach and published 
reports do not include all food crops produced. This defect deserves the early 
attention of the agricultural experts. 

Another aspect of food planning in which the physiologist can be helpful to 
the producers and consumers is in the subject of ‘substitute food?^’, particularly 
during this present food crisis. There are quite a large number of tubers which 
can replace cereal element in the dietary in times of scarcity, {some of these 
tubers are very mealy ones and can be grown with a little effort in the kitchen 
garden and in areas w’hich are not under cultivation. 

In drawing up the pro^amme for planned production fullest advantage 
should be taken of the findings of the physiologist in the laboratory. Except 
intelligent guess work from ‘in vitro^ or animal feeding experiments, not very 
adequate scientific information exists as to the relative nutritive value of the 
different cereals and pulses consumed by large sections of people in this country. 
‘Should Soyabean be grown in preference to common pulses?’ or ‘Should the 
vegetable oils be hydrogenated and then consumed’ are some of the problems 
’(\hicli have not yet l)een solved satisfactorily and demand serious iiolice of the 
physiologists. rndoubtedlv some amount of valuable work in this connection 
has been done by the mitritioii worker but a good deal remains unfinished yet. 
Efficiently staffed and well-equipped centres of research should be ojicned for 
each of the provinces and Stales in India to deal with these urgent national 
problems. Mention may be made of the fact that on grounds of popularity of 

vegetarian diets among a large section of people the sources of fish and meat foods 

have not been fully exploited- In actual experience of the speaker during dietary 
survey of thousand^ of families it has been noticed that people vvitli no objection 
to fish and meat have been forced to live on a vl^getarian fare iK cause either the 
meat foods were not available locally or the same was beyond the purchasing 
power of the consumers. 

It cannot be denied that with the rise of the economic status the standard 
of food is likely to improve. But it is also true that in the absence of an etficient 

marketing organisation even increased food production or increa-^e of purchasing 

power cannot raise the standard of fo<^>d intake to the expei ted lc\el. I>uring the 
recent food crisis in Bengal it became evident that by the time the food grains 
left the producers and appeared in the retail market the price soartd beyond tlie 
purchasing power of the average consumer. The duties of the markt iing virganisa- 
tion would be to place the essential foods \vitl\in the purchasing jiower of the 
majority of customers at reasonable cost. 

General principles of nutrition must In.* made popular knowlevlge through all 
the organs of publicity, so that substitute foods may be utilised, particularly 

during the present food shortage. In view of the deficient dietary it is ilesirabir 
that public health centres in collaboration with agricultural units in tlu' dificrent 
parts of the country .should take up as an important pari of iheir programme llie 
education of people in the matter of growing nmre vegetables in the back>arvi of 
every household. This can be achieved witli a little efiort ami practically witli no 
expenditure, if the workers do not confine their activities to tlu* <listril»ution of 
leaflets and posters with a pious hope for the U-st results but tluyv persuade 
individually the householders through personal tanuact. 'I’he lack of adequate 
vegetable quota noticed in the dietary of the peo])le cannot be ascribed to poverty 
alone. There are millions of families in this count rv wlio <aii afford to purchase 
vegetable more generously and millions of others who can grow them with little 
or no expense if only they be educated in healthy /(kkI halnls. 

It is .a common knowledge that at the height of their respective seasons, a large 
number of fruits are rendered unfit for (^onsumption in 'this (ountry W'hile the \ 
average level of fruit consumption is notorjously low. d’hi.s situation mav be pre- 
vented by jKipularising knowledge on fruit pre.servation, that fruits mav be 
purchased when cheap and preserved fur use by those families who cannot afford 
to pay for them in seasons of scarcity. ^Mention may be made of the fact that 
millets are not as bad as they are jx^pularly sup]x>sed. Malting, which is a simple 
process can be carried out in every household doe.s convert the millets into very 
nutritive foewis. Every housewife, every health worker, every medical man or 
social wwker interested in the care of children, and expectant and nnrsing mothers 
-whether institutional or domicilliary, should learn more of the newer knowledge 
in nutrition so that the available food may l>e utilized to the utmost advantage. 

2, Dr, a. M. Shirazi, Madra.s. 

Lack of proper transfzort facilities in India is a factor affecting F<w«l Kconomics 
specially with regard to the proper distribution of vegetable and fruits. Hte 
Railway may be approached for reducing the rates for these articles, 
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3. Mr. M. N. Rudra, Patna. 

There should be State encouragement for growing more fish and preserving 
them so that the demands of an increasing population can be met in a planned 
way. In respect of the staple food, rice, it should be the duty of every physiologist, 
public health worker and nutrition worker to educate the general public and 
especially the! housewife to cook and serve rice in such a way that no surplus 
cooking water is thrown away, 

4. Dr. K. V, Giri, Guntur. 

Next to agriculture and animal husbandry, fisheries constitute ahj important 
source of human food. It is a rich source of protein and the fish protein supple- 
ments the rice protein. It is a rich source of phosphorus, though low in calcium 
content. Although there is ample data available regarding the vitamin A con- 
tent of fish liver oils, there is still scope for investigation on the vitamin A content 
of other fish liver oils and intestinal oils, imrther investigation is necessary with 
a view to finding out good sources of vitamin D, vitamin hj, and riboflavin among 
fish. India with its large rivers and sea coast surrounding the vast peninsula 
should develop fish food industry and attempts should be made to form a Central 
Research Institute for investigating the problems of fish as source of food. 

5. I)K. B. MUKKrJi, Calcutta. 

It is well recognised that dietary in most provinces in India is hopelessly 
deficient in cereals and protein. Fish culture can supply a deficiency of protein 
ju the dietary very quickly, as has been already shown "by a number of workers 
in Bengal. Fish culture in paddy field is being supported in Bengal and this 
policy may be usefully adopted elsewhere. 

XII. THE POSITION OF PHYSIOLOGY AS AN INDEPENDENT 
SCIENCE. 


(Section of Physiology,) 

Prof. a. V. Hilc, Dondon, presided. 

1. Prof. B. Nara\ana, Patna, opened the discussion. 

At the outset, 1 must thank the President for having selected this important 
subject for discussion at the Congress Session. Ihe discussion is specially appro- 
priate ill view of the presence of Prof. A. V. Hill in our country. 

I remember just 7 years back from today when Col. Bhatia presided over the 
Section of idiysiology at Hyderabad (Deccan), he conveyed to us messages of 
greetings and eiicourageiiieut from abroad and amongst those w^as one from 
Prof. A. V. Hill. The latter said “At Cambridge, as you know, physiology is 
just respectable as physics. It is certainly just as diflicult as physics. Claim 
for it an independent and honourable place such as physics has. Do not let it be 
just as a handmaiden (as the old saying was) of medicine. Physics is not the 
handmaiden of engineering. If it had been, engineering would be in a bad way, 
for modern engineering depends upon physical knowledge and physics would 
have made no progress if it had been the handmaiden of any other science or 
art. Independence and an honourable jpositioii are required and if you can help 
to give physiology in India these you will get first-class youngsters in to join it’\ 
The above remarks made by i‘rof. liill are very apt and should leave no 
doubt m our mind that physiology must have an independent position just as 
chemistry or physics hns. We must ^\so realise that no progress in .physiology 
is possible unless such a position is acquired. 

Strictly speaking physiology has a dual position— it has its position as a pure 
independent science and it has its position as a science applied to medicine. The 
application of physiology to medicine is undoubtedly of value but it is its unique 
position as a pure independent science which is of real value to the advancement 
of physiology in this country. Unless physiology is made independent as a science 
It IS bound to stagnate. It will fail to attract good workers, its progress will be 
hindered greatly and for all times to come physiology will continue "to be a 
subject subordinate to medicine. ^ 

We . all know that physiology stands between medicine on the one hand and 
physics and chemistry on the other. Unless independent research work grows 
devoid of any idea of its applications to medicine, no real scientific advance in 
physiology is possible. Then again, if we think of physiology only in terms of 
medicine, we will necessarily have a limited number of workers solving problems 
on applied physiology alone and physiology as a science will never grow. 
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We all know that the universities of Great Britain, in those on the continent 
of Europe and in the United States of America, physiology has already gained an 
independent position. No body there thinks of physiology as a part of medicine 
but as one of the important science subjects. A student can study physiology 
for a medical degree or for a general science or research degree at these univer- 
sities. The door to the science of physiology is open to all and* not confined 
alone to the students of medicine. The question now arises as to what is its 
position in India. It is entirely different here. The teaching of physiology is 
being done in most of the Indian universities only as a part of medical education. 
The only Mace where physiology as an independent science subject received 
recognitiorr very early was the Presidency College, Calcutta. I must admit it was 
due to the efforts of my esteemed teacher Prof. S. C. Mahalanobis that the depart- 
ment was started. The department was a well-equipped one and imparted teaching 
up to the I.Sc., the J^.Sc. and the M.Sc. standards. Onlv such students were admit- 
ted as were studying physiology as a pure science simject and not as a part of 
medicine. A few years later a postgraduate department of physiology was opened 
at the University College of Science, Calcutta. The Calcutta University naturally 
attratted quite a good number of students who wished to study physiology as a 
purely scientific subject. The other universities in India did however make arrange- 
ments for teaching physiology for a science degree but to a few students only off 
and on but did not actually start an independent physiology department for science 
students. Physiology remained neglected to a great extent. 

It is high time that the teaching universities in India started their own depart- 
ments of physiology and that those universities which were not teaching univer- 
sities impressed upon their local Governments to introduce the teaching of 
physiology in Science Colleges. An easier solution possibly may be to strengthen 
the existing physiology departments in the difierent medical colleges and schools 
in India by enlarging the staff, by undertaking teaching of physiology for science 
degree at these places, and by encouraging young graduates to engage in 
research work. Special scholarships and fellowships should be created by the 
universities on a lavish scale and enough funds should be placed at the disposal 
of the professors for equipment. 

With the growing importance of nation's interest m the maintenance of health, 

I would also like to point out that initiation into the working of the human body 
may be started at an earlier stag^e in a student’s career, namely, the school stage. 
P'lementary knowledge of physiology to a young student will create in him a 
lively interest and it is certain that a good number of students, who get interested 
in the subject at an earlier stage, may like to study the subject for their science 
degree. 

I may mention here that some improvement in the position of jdiysiology 
teaching and research has taken place within the last two decades. I'he teachers 
of physiology formerly used to be either a clinical physician of the hospital or 
one who was a part time worker. Conditions have changed since then. We are 
now having full-time professors debarred from private practice to enable them to 
improve the department and stimulate research work. But this is not all. The 
department should be further strengthened by appointing whole-time lecturers 
and assistant professors. Then again, the staff of the department of physiology 
should be attractive to bring good people in the department and adequate com- 
pensation given in lieu of private practice. 

At this stage I would refer to the recent report of the Physiological Society 
of Great Britain to the inter-departmental committee of medical schools. Their 
recommendations are that honours physiology B.Sc. scholarships and post-graduate 
scholarships and fellowships be created. Inquiry into salaries should be made. 
There should be established more readerships and associate professorships. There ^ 
should be co-ordination between physiology departments and hospitals, physical 
education departments and public health departments. The staffs of physiology 
department should be increased and provision of building and equipment for 
teaching and research made. Attention should be given to the wider functions of 
physiology in relation to general education and communal health. 1 wish these 
recommendations were adopted here also. 

Ukstly, I would suggest that a committee of the Physiology vSection of the 
Indian Science Congress Association be formed to critically scrutinise the position 
Of physiology in India and make recommendations to the different universities. 

2. Col. S. U. Bhatia, Delhi. 

I had referred to this subject in my Presidential address to the Physiology 
vSection^ in Hyderabad in 1937. I am entirely in agreement with Prof. Narayana’s 
views. ' " * , 

,Theije has been a marked improvement in the status of Physiology in Indian 
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universities during the last 20 to 25 years and the subject is gradually coming into 
its own. The subject does not merely form part of the medical curriculum, but 
in the Universities of Bombay, Madras and Calcutta it is a subject for B.Sc,, 
M.Sc., and even Ph.D. ' 

We need first class teachers of Physiology (professors and assistants) who 
should be well-paid. This would improve the status of the subject. Apart from 
it being an important preclinical subject, it is an important subject which should 
be taught as an independent science. 

In India, there is a need for physiologi.sts to deal with problems of nutrition, 
which is an all-important problem of the day, and has important bearing on the 
w^elfare of the people. 

The universities should realise the importance of Physiology, and give it its 
rightful place in the system of education in the country. 

3. Dr. (Miss) Eleanor D. Mason, Madras. 

A valuable contribution of physiology is that it draws students into thinking 

in terms of actual experimentation instead of mere description. When laboratories 
are vigorously in action they attract public attention and the science begins to 
win a place on its own merits. 

4. Mr. Gopal Krishna Ghosh, Patna. 

The public also should be made to realise the importance of physiology as an 
independent subject. In India, physiology is usually taught as an appendage to 
clinical medicine and surgery, and the teaching in physiology is usually regulated 
by clinicians. Subjects treated like this cannot develop. 

5. I)R. Id. Damodakan, Madras. 

The reason for the backwardness of physiology in India is the lack of 
opportunity for successful careers for pure scientists in general in the Government 
Departments of Medicine, Engineering, Agriculture and the Veterinary Depart- 
ment. The teachers of chemistry, physics, physiology, etc., in Medical Colleges, 
if they are non-medical men, have very poor chances of promotion or of occupying 
responsible post commensurate with their qualifications in their special subject. 

6. I)K. (Mrs.) Makcarkt vStewart Munday, Delhi. 

Physiology is a neglected subject as far as women are concerned. It is very 
difficult to obtain trained worker and teacher because financially it is unattractive. 
The subject is of value not only because it deals with the problems of nutrition 
but also because physiological technique may be employed in order to lay down 
the standards of health for industrial workers and also for conditions in the 
factories. It may also be employed for reassessing physical standards, which are 
mainly based on P)uropeaii and American figures, as applied to ’Asiatic countries. 

7. Mr. K. Mitra, Patna. 

Whilst agreeing with Prof. Hill that public opinion should be created, I feel 
that our medical men should be educated into the subject of ‘what physiology 
stands for*. At present there is very little or no liaison between department of 
physiology and that of public health. As a result of this deplorable state of 
affairs no satisfactory physiological methods for grading of health have yet been 
developed neither in India nor abroad.. The work at Peckham Health Centre has 
amply demonstrated that person may not be called definitely ill and yet may 
not l>e in perfect health. As a consequence such people do not come under the 
observation of practising physicians or of health workers. This point was stressed 
by the P. E. P. report of Great Britain. Physiology of health needs greater atten- 
tion of clinicians and health workers and this can be achieved if medical men 
and others broaden their present narrow outlook on the subject of physiology, 

8. Dr. B. C. Bose, Calcutta. 

Regarding the question of educating the mass in physiology the following 
two points are important — 

(1) Introduction of elementary physiology cour.ses in the secondary schools as 
exists in France, Great Britain, etc. 

(2) Regular programme of broadcasting popular talks on physiological subjects 
by physiologists. 
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9 , Dr. BAt Raj vSingh Sahney, Lucknow. 

To educate the public frequent demonstrations of physiological ifiterest for 
the public may be arrangtni to create enthusiasm and interest in the masses. As 
an example, the Medical e^Oiibition held at Rangoon in 1938 and 1939 produced 
remarkable results of great educational value. 

10. Dr. N. K. Basu, Delhi. 

Difficulties faced in framing the syllabus of physiology and hygiene for the 
Delhi Board of Higher Secondary Kducation were placed l>efore the meeting. 

^XIII. MENTAI. LIFE AS PICTURED IN CONTEMPORARY 
PvSYCUOLOCAL 

{Sect ions of Psychology atid Educational Science) 

* « Mr. John Serc.EnT, New Delhi, preside<l. 

1. Dr. N. N. Sen Gupta, Lucknow (communicated). 

British physicists of the 19th centnrv attempted to represent abstract laws 

in terfris of concrete models which can be seen and handled. Accorditig to Sir 

Oliver Lodge *‘we cannot form a complete mental picture of the actually occurring 
operations*’ so long as we adhere to abstract formulations of laws. Rev, a French 
Physicist, supports the same principle when he sav.s : The bvpolhesis which is 
fruitful in the physical realm is of necessity an iniaginal)le hypothesis, one 
constructed in terms of perception and sensation. Physics has probably been 
outgrowdng this notion. Fruitfulness of the principle of models for the purtK>scs 

of comprehension of the basic ideas of a science and of suggesting new lines of 

work, how’ever, cannot be denied. 

Psychological theories are. from the nature of their subject matter, incapable of 
adequate representation by mechanical models. Yet the motive of models has 
long been w'orking in the mind of psvcbologists. It is true that no psv('bologist 
has ever constructed an actual model as phvsicists have done. The picture f)f 
models w’as nevertheless perpetually before their mind wdien they attempted to 
describe the mutual relationship among the mental states. Attempts at such 
representation were prompted as in the case of the physical sciences by a two> 
fold motive : (;) Comprehension of mental life as a w’orking reality ; and (ii) sug- 
gestiveness of the scheme for further investigation. 

Snocess of all such representations, however, has been adjudged in the 
physical sciences in terms of their adequacy in subsuming under them a large 
range of observ^ed facts and bv their fruitfulness for further investigation. The 
same critique shouhl be applied to the various .schemata adopted by psvcliDlogist^;. 

We shall diseus.s the various rep^'cscntations adopted by psyebologists for a!i 
adequate comprehension of the mental personality. 

(i) The earlv attempts in We.stern thought was tf) represent the mental life 
as a plane surface which could be divided into as many sections as then' vv(‘re 
mental functions. This is instanced by the Pythagorean doctrine of parts of the 
soul, Reason, XVill and Desire. Plato proposes that each of these divisions may 
further be subdivided and that each possesses a dynamic fharacter, desire, and 
a principle that may increase its dominance, pleasure. Some of the tvpe-psycho- 
logists are not averse to adopting such schemes. 

Hi) genealogical tree is often adopted as a scheme for representing the 
mental functions. The soul often stands at the anex frqm which other mental 
functions issue forth as progenv from ancestor. Aristotle very largcdv adopts tliis ' 
method along wdth certain special notions pertaining to his system of Ihouglit. 
Functional psychology often lapses into this scheme. The Faculty Psychology very 
largely adopted certain variations of these two methods. These schemes were, 
however, complicated by the addition of several other notions. One of these was 
the notions of development, the idea that some of the mental functions w'ere 
genetically prior to others. The other notion was that of combinatirm of elementary 
psychic states into more comidex wholes. We find both of these ideas introduced 
,4tito the schemes of representation already mentioned. 

(Hi) We see the picture of a hierarchical arrangement often pyramidal in its 
configuration in the %vorks of Brentano, Wundt and their circle. aWc begin with 
the concept of an activity at the top and gradually broaden outsat the base in 
the rich variety of mental processes. We also read one or the other of these 
schernes fit) and (in) suited to the needs of the Factor SchooL* 

^ (ivy We see again the picture of a field of forces in manifold interaction and 

interlaci^^g of the atiniuH and the psychic responses. The several types of Dynamic 
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theory, the Gestalt theory, the Field theory of Wheeler and ojthers, and Tolinjan*s 
Sign-Gestalt theory impart a vivid meaning to this scheme of mental life. 

(t;) Lastly, there is a half articulate idea of mental life that seems to diversify 
itself into several dimensions. Le win's Topology, Boring's partially worked ont 
scheme and Brown’s notion of vsocial order are notable contributions in this 
direction. I litve attempted to elucidate the basic idea of this scheme of mental 
life in a paper contributed to this ^section on a previous occasion as also in my 
Presidential address to the Indian * Philosophy Congress in 1940. All the schools 
of recent psychology can thus be subsumed under one or the other of these 
schemata. 

ThCvSe schemata should be adjudged in term of four principles ; 

(i) Principle of conformity with the known propeyiics of mental life \ 

(a) Mental states perpetually change, 

(h) Mental states seem to influence one another often without undergoing 
any change themselves, as for instance in the relation between attitudes 
and dispositions and perceptions and ideas to which they are related,, 
and 

(c) they enter into various orders of relationship in which one may dominate 
over others or completely lose its identity. We may ask which of 
the schemata represents these properties more adequately. 

fii) The principle of expansion : 

How' far is a schema in consonance with the growing experimental data in 
the several fields of investigation ? 

(iii) The principle of fruitfulness : 

Ho’w far does the schema suggest new problems of experimental and analyti- 
cal observation ? 

fiv) The principle of lucidity : 

How" far is the schema capable of strict logical definition and mathematical or 
symbolic representation ? 

Very few of these modes of representation do justice to the facts that 
fa) mental states perpetually change, (b) mental states seem to influence one 
another and (c) they seem to enter into various relationships in which one may 
dominate over others or completely lose its identity. Other models have con- 
sequently to be devised for representing the variegated course of mental life. 

The issues upon which we are to focus our discussion are not those of reality 
or unreality of any of these pictures that emerge from the experience, analysis 
and experimental data. We are called upon to consider today the following 
que.stions : 

(t) Flow far the criteria suggested above are satisfactory for Psychology 
considered as a natural science ? 

(2) Assuming that these are satisfactory, which, if any, of the conceptions 
satisfies the criteria ? 

2. Dr. (Miss) K. H. Cama, Bomba3^ 

Mental life cannot be conceived of as an independent process or entity. The 
neiiro-miiscular “glandular organism plays an important part in any aspect of mental 
life. It is a mistake to dissociate the mind from the physical body. It is only 
when we take the organism as a whole that we are able to understand mental 
life. The individual being a bio-physio-chemico-physico-psychological entit}^ ^mental 
life cannot be explained , without taking an integrative and synthetic or Gestalt 
jfiew. Therefore both mind and body should always be considered together. 

3. Dr. N. vS. N. Sastry, Mysore. 

Wundt started his laboratory in 1879, when psychology attempted at breaking 
away from philosophical moorings. Two points of view in psychology then became 
pronounced, (/) experience taken as content and («) experience as process. These 
points of view gave rise to the Behaviouristic point of view which looked u^jon 
all behaviour as mechanical. Consciousness was negated. Later a sort of recon- 
ciliation has been attempted between behaviourism and mentalism. Inadequacy 
of functionalism ^d structuralism gave rise to self-psychology — which according 
to Miss Calkins, m functional psychology. 

Dynamism as advocated by Woodworth, hormonism of McDougall, Gestalt of 
the German School etc. have their own interpretation of mental life. Few examples 
suffice to .show the picture they draw. 

Learning as a process and an act of the dynamic mind as havS lent itself into 
experimentation on a large scale. All ^earning, according to the Watsonian^ is to 
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be interpreted in terms of mechanical formation of stimnlus^response connections. 
Such over-simplification has been brought out by the goal-seeking activity of the 
inner drive of an inherited type. The entire organism reacts. The interpretation 
of the learning is due to organised perception which endows the organism with 
insight. 

Retention and memory depend both upon the methods of learning avS well as 
on the attitude of the learner. Here is a faint possibility of reconciling the 
opposing schools of behaviourism and dynamic-hormonism. Personality itself is 
recognised as an organisation which is a result of dynamic interplay of inherited 
capacities and modifications by external stimuli. There is predetermination. Yet 
it is not a mechanical jumbling of habits associated. The psychoanalysis explain 
personality largely from the point of view of the cohesion of the conscious and 
the unconscious. 

That tliere ' are certain innate capacities or determinants is accepted by most 
of the schools. But these are amenable to influences. Thus environment in the 
broadest sense, can and does influence the mind. All mental life is a function of 
the' possibilities of native bents of reactions and the probabilities of external 
environmental stimulus streams. 

4. Dr. I. LaTif, Lahore. 

Modem Psychology is a biological science rather than a branch of metaphysics. 
Its outlook is objective and experimental. Tt entrains strong misgivings with 
regard to the value of introspection which enjoyed great popularity with 
philosophising psychologists. 

The modem psychology in its concept of mental life is bound to differ vastly 
from the conception of mental life as a mysterious and mythical process. 

In opposition to this view, modem psychology emphasies the organic unity of 
the entire living organism; and thus tends to rule out of consideration the orthodox 
dnali.stic scheme of the mental and the phv.<;ical. .According to it, life in its concrete 
form is mental as well as physical. Mental life is an abstract, in modern psychology, 
whose main task consists in keeping in close touch with the concrete realities of 
life and metaphvsical concept has no place in it. 

Modem psychology is based on the postulate that mental life is rigidly governed 
by the law of causation eliminating accidental happenings. Strict determinism is 

essential to a scientific explanation of anv phase of mental life. 

The modem psychologists uses the term ^‘mental life” in n comnrehensive 

sense to include l>oth the conscious and nnconsrions experience of the individual. 

Older p.sychologists had been using this term to denote only the couf^cioNs 

experiences of the individual. 

Lastly, modem psychology treats of mental life as a dyniinii<* behavionrial 

process rather fhan as a store-house of static categories of the mind, 

5. Dr. Ixdra Sen, Delhi. 

The various conflicting schools of Contemporarv Psvchfdogy do involve a picture 
of mental life. The mental life, however, must he understood in its widest sense 
of human nature, expressing itself in experience and behaviour. 

The various schools do, lack agreement even regarding the nature of the 

subiect matter and the methods of investigation. But thev all undertake a scientific 
study of the individual man as a wdiole, Kvidently, with the unitv of onr basic 

subject-matter the man~~kept in mind, it becomes easy enough to contemplate the 

behaviour of Behaviourism, Consciousnes.s and Kxperience of the predominantly 
Introspective Psychologies and the Sub-conscious Psycho-analysis though so largely* 
exclusively emphasized as complementary studies. 

But is it possible to positively characterise by any qualities or features the 
unitary picture of mental life, vrhich is involved and seems to lx* taking .shape 
m Contemporary Psychologic? This is exceedingly difficult, except in the sense 
that a few judgments, which have become widely influential with psychologists 
generally, could be offered as representative of the admitted truths of the different 
schools. 

Hormism of McDougall is, a unified body of psychological knowledge, move 
largely by itself a synthesis of such judgements then a school like the others, At 
any rate, it is marked by the spirit of .such synthesis. 

^ iHustrations of such judgements I venture to offer the following 
(1) That Behaviour is a necessary part of the psychological subject matter. (2) lliat 
the objective methods of investigation have an indispensible value for psychology, 
though introspection remain the principal method. (3) The subconscious *is further 
a i/ast ‘field, constituting an important part ^f the subject-matter. (4) The methods 
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of analysis, possesses serious limitations. The properties of the ‘Wholes* of 
experience and behaviour must be investigated pnor to the approach of analysis 
and the attempt be build up a whole from parts. (5) That purpose of determination 
by motives (conscious and sub-conscious) is the more fundamental law of man*8 
activities. (6) In the end, we would observe that for the most part our approach 
to the subject in contemporary Psychology has been prepossessed by a fascination 
now for one s#ience now for another. But I believe that if we pognise the complexity 
of our phenomena we shall look forward to the discovery of fresh fields for 
investigation and new aspects and approaches. 

6. Dr. B. Kuppusawmy, Mysore. . 

The contemporary scli^ls of Psychology draw up different pictures of mind 
because the founders of the schools have their philosophic predelictions. The 
philosophic outlook of the originator influences the type of picture he draws up 
of the mind. System building is essentially philosophic. It is not scientific. There 
are indications that in the recent years Psychology is ‘coming of age*. The work 
of Boring and others points to the development of the essentially "scientific spirit 
which lays emphasis on the eagerness to find new facts and develop new hypo- 
theses to account for them, instead of attempting to start searching for facts which 
fit in ^ith certain pre-conceived philosophic notions. The picture of mind will 
vary in outline as well as in detail depending upon the experimental data gathered 
by the psychologist. Hence it is a continuously changing picture. 


7. Dr. B. D. Atreya, Benares. 

The main features of Contemporary I‘sychology and the consequent differences 
of opinion have given rise to a 4iumber of schools. The most prominent .schools 
of contemporary psycliology are : Structuralism, Puiictionalism, Behaviorism, 
Configurationism, Personalism, Purposivism and Psycho-analysis. A picture of 
man is revealed in contemporary psychology on the whole. Recent experiments 
in I^xtra-sensory Perception and Telepathy carried on by Rhine, Tyrrell, Carington 
and Soal and the addition they tend to make to our knowledge about human 
knowledge. Urgent need of a new branch of 1‘sychology or a new^ school of 
psychologists who should scientifically study the data which has l>een brought 
to prominence by the Society for Psychical Research. These data, if experi- 
mentally verified and collected in accordance with scientific method of observation,' 
will be a great asset to a complete understanding. As long as Psychology does 
not answer these questions, it is bound to remain more or less unpopular. 


8. Mr. P. S. Naidu, Allaliabad. 

When the contemporary revolt against the strictly useless psychology of the 
last century took place, there was a tendency to throw mind and mental processes 
completely overboard. This reaction, however, was cliecked and the hormic 
psychologist, and the psycho-analyst have stepped in to stem tile behaviouristic tide 
which threatened to engulf mind and mental processes. 

In the study of mental life, hormic psychology adopts a synthetic attitude. It 
does not, however, probe down to the ‘Unconscious’ depths, nor does it accept 
purely mechanistic and deterministic explanations. ^ 

Hormic psychology adopts an evolutionary attitude tow'ards the study of mental 
life. It has shown how the conative basis of these fundamental dispositions is by 
far the most important, and how the cognitive aspect is only secondary The 
purposive nature of these dispositions is also stressed. These propensities and 
dispositions evolve, with the growth ofnhe living human organism, into -sentiments 
Mental life, i.e., mental structure and function, first differentiate and then get in- 
tegrated into patterns of varying degrees of complexity. The highest stage of 
mental life is reached when these sentiments are organised into a highly i^ed 
pattern of personality, with a powerful master sentiment conferring d^ainic nnitv 
on the whole pattern. Purposive striving is the very heart and soal of mental life 
Md dy^ic coaative unity is the fruit of this striving. All other aspects of menUl 
life, particularly the conative aspects, are made to revolve round tiiis centthl hSi 
of Hormic stnvmg. 

ms picture is further strengthened and supported by an analysis of abnonrikl 
mental life. Conflict between sentiments, the inability of the^tient to resolve the 

a strong sentiment resulting in insanity- 
these are all fitted into the general picture of mental life. This picture then ^ is 

of1tV?arious"pirS’.‘"'’ harmonious in regard to The organis^tic^ 
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9 . Dr. P. T. Rajxj, Andhra University. 

(1) Limiting the scope of the subject to Horijiic Psychology. 

(2) A brief s^eme of the system of Hormic Psychology. 

(3) Examination of the scheme. Biology and Psychology. Continuity of 
Matter. Life and Mind. Purpose and Intelligence. Instinct and Intelligence. 
The constant and variable in all behavior. The variable and the factors of g and w 
Are Emotions distinct and separate ? Instinct, Intelligence and Sentiment. 
Application of Hormic Psychology to Ethics, Culture and Civilization. The 
dominance of Intelligence over Instinct or Cognition over Conation. Relation of 
Intelligence to Conation. How to avoid Intellectual ism. Intelligence the special 
characteristic of Mind, Need for a determinism in explanation. The determinism 
of Mind. 

10. Dr. S. C. Mitra, Calcutta. 

Dr. Sengupta has given a brief historical outline of mental life as has been 
conceived, e.g,, to be comparable to a plane surface with sub-divisions on it marking 
off the different functions. 

That models and pictorial representations aid us when dealing with abstract 
conceptions wdll readily be agreed to by many. It seems to me, however, that 
dia^aras can never adequately represent mental function. Pictures are necessarily 
static but functions are essentially dynamic. A mechanical model therefore which 
may be set going by means of suitable contrivances may be more helpful than a 
mere diagram when we are dealing with the operations of the mind. It may l)e 
possible with such a model to demonstrate for example, what may happen shcjuld 
any part of it go wrong. The aberrations of the mind may have a chance of 
demonstration in such a model. Dr. Sengupta has not given any reference in his 
article to the diagram of the mind that has been drawn by P'reud while trying to 
point out the relations between the Id, the P'go, the Super-Kgo, etc. 

What I would contend, however, is this. VVe neeti not at this stage in the 
development of our science exhaust our energies in trying to formulate critera 
for testing pictorial representations. Mathematics has taken the place of pictures 
now' and it it certainly true that mathematical symbols and functions are l)etter 
suited to illustrate the states and processes of mind. One obvious oV>jt*ctioii to 
bringing in mathematics, is of course that in introducing mathematical coiuepis we 
simply replace one system of abstraction for another. 1 readily agree that it may 
be difficult for one to understand the intricacies of mathematical formulations as 
to grasp the subtle workings of the human mind. But one who is determined to 
unravel the complexities of mind must have his intellectual povvhrs sufficiently 
developed and for such an one the transition to mathematics, though it may be a 
difficult process, should not be an altogether iinjK>ssihle achievement. .Attempts to 
.symbolise mental functions in tenns of mathematics is a feature, one of the most 
important features, I may say, of contemporary psychology and as such one should 
not fail to take notice of it. 

I am fully conscious of the dangers to Psychology that may creep in surrepti- 
tiously w’hen one becomes too much preoccupied witli the matliemaiical aspects (*f 
the presentation. The chances of appearance of a variety of erri>r are a little 
greater in our case it may be admitted, because of the abstract nature of the 
materials that are dealt with both in mathematics as also in psychology. Provided 
precautions are taken how'ever to safeguard against this confusi<»n, mathematical 
formulations, it seems to me, would be able to render us greater htdp in illustrating 
psychological functions than pictorial representations. 


XTV. ACHIEVEMENT TRSTS AND ACCOMITJSHMENT QUO- 
TIENTS AND THEIR EDUCATIONAL VALUES. 

(Section of Psychology and Educational Science,) 

Mr. John Skrgent, New' Delhi, presided. 

Rai Bahadur J. M. Sen, Krishnagar. 

Achievenient Tes^ aim at mea.suring what the i>upil gains from school 
training. The .Accoiilplishment Quotient (A. Q.) rou^dily indicates the progress of 
a pupil in his school work. The educational quolieni Ixdng de|)eiuknt on the 
school opportunity of the pupil changes in the same individual at different times- 
I he A. Q. is a ratio between E. Q. and I. Q. and as such ohvia!tes the knowledge 
of chronological age of an individual. It is worth wdiile id consider gome of the 
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major assumptions regarding the validity of Achievement Tests and these are 
as follows : — 

(1) It is generally assumed that a single test is a valid test of a school subject 
and therefore it tends to measure the student’s attainment in all the important 
phases of the subject. A school subject usually involves a variety of the objectives 
and a single lest in order to measure such a complex of outcomes must include 
exercises whi<m adequately test the student’s attainment of these various objectives. 

It is also desirable to give due weight to the various aspects of a subject though 
there is no standardized method of doing so. Under these limitations it is 
necessary to devise tests to measure the student’s attainment of particular objec- 
tives and/ or combinations of them. Such a procedure will no doubt help the 
evaluations of particular objectives from different view points. 

(2) The second assumption is with regard to the existence of a satisfactory 
criterion of validity which frequently is the correlation of the test results with 
the marks given to the pupils. This should not to be the case, because the object 
of Achievement tests is to provide the teacher with a more accurate instrument 
for ascertaining the students achievement. Jn place of this the essential assump- 
tion should be that the student’s reaction in a sampling of the situations repre- 
sentative of the objectives is an adequate index of his characteristic reaction in 
all situations and that the criterion of validity should accordingly be changed. 

(3) The tests which do not directly evaluate the students reactions in repre- 
sentative situations are nevertheless considered satisfactory indices of these reactions. 

(4) It is commonly assumed that the method adopted for marking a given test 
will give a satisfactory evaluation of the student’s responses in the light of the 
objective being measured, but in practice this is rarely tested. Here the best 
procedure would be the composite evaluations of an infinitely large number of 
trained judges. 

(5) It is assumed that the particular numerical values assigned to test responses 
provide a satisfactory scale for measuring the degree to w’hich the students have 
attained the objectives. The problems underlying this assumption have not been 
fully investigated and there is no uniformity in the procedure adopted. 

(6) The reliability of the test is that it provides an adequate and representative 
sample of the student’s reactions to all the situations in which the desired objec- 
tive may be expressed. The two factors affecting the reliability of a given test 
are (a) the range of situations in which the objective may be e^ressed, and 
(6) the variation in the reaction of the student to a given situation. The reliability 
is primarily a question of sanii)ling and may be tackled with the existing statistical 
methods. 

(7) It is assumed that the test scores provide measurements fine enough to 
detect the student’s progress. This is a very big assumption and the facts prove 
to the contrary. 

(8) Any difference in test scores which is statistically significant is correspond- 
ingly of social value and desirable to have but this is an assumption yet to be tested, 

2. Mr. H. P. Maiti, Calcutta, 

The achievement tests are constructed on certain scientific principles and 
hence it has been suggested they should replace the traditional type of examina- 
tions, But what is actually measured by the tests is not exactly what is intended 
to be measured by the latter. The tests usually measure elements of knowledge 
and skill into which a particular subject of instruction or a course can be analysed 
and not the ability to apply the same in concrete forms. 

Though the achievement tests are constructed on the same general principles 
j as the Intelligent tests, •there must be iiiiportant difference between the ‘two in so 
^far as they measure essentially different things. This would practically mean that 
there are a number of special problems in connection with the technique of 
achievement testing that should engage the special attention of the research worker. 

The greatest merit of the achievement tests lies in its objectivity and ease of . 
scoring. The average reliability of most of the existing achievement tests ranges 
between from -60 to *98. But it is about the validity of the tests that we have 
at present reasons to be least satisfied. We must evolve through experimental ^ork 
a better criterion of validity of the tests. 

As they are, most of the achievement tests cannot be said to give an exact 
and reliable picture of what a pupil has learnt at a particular stage of his educa- 
tion, and hence they cannot be regarded as good substitutes for examinations, in 
spite of the obvious defects of the latter. 

Though achievement tests have certain obvious limitations and defects, they 
have undoubtedly distinct educational values. They constitute valuable supple- 
riientary •method of measurement of a pupil’s school attainments. When achieve- 
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meat tests results are esyressed in relation to a pupils intelligence, we have A. Q. 
with a distinctive significance of its own. A. Q. helps ns in the diagnosis of 
school failures and in guidance of school work. But it is difficult to understand 
how in calculating it, one can altogether obviate the need of considering the 
chronological age of the pupils. Even if this were theoretically possible— though 
it is not — much of its practical usefulness would be lost. 

3. Dr. (Miss) K, H. Cama, Bombay. 

In India generally examinations are held under the teacliers who usually 
teach their pupils. It is possible that the teachers can properly * estimate their 
pupils* real shortcomings, aptitudes, etc., but at the same time it may be [K^ssible 
that teachers can be biased in one way or the other. So it is alwavs desirable 
that the examinations should be done under other educationists who may be 
termed as visiting teachers. 

But as the examinations in their methods, forms, etc., are different in different 
schools so it is desirable to have standardised test which can be applied to all 
sthools and standardised comparative results can be obtained. In thi.s way the 
tests can be performed to the best of the pupils’ ability if the examinations are 
done by visiting teacliers who may also be able to judge better the different scIkkiI’s 
progress than the teachers of tlie same school. 

4. Mr. S. Mathai, Delhi. 

It has been found that the results of the so-called tests do not tally with the 
class-examination results. It is doubtful whether these tests are ahsoluttdy reliabk* 
or not as doubts are always expressed by many a one if the tests rexilly measure 
the intelligence. If the tests themselves are not reliable then the values of J. y, 

or A. Q, vitiate from reality. So efforts should be made first to have a reliable 

test to measure both I. Q. or A. Q. 

5. Mr. H. P. Mkhta, Karachi. 

It is very difficult to get the real values of I. Q. or .V. <2- Great many factors 
play their parts at the stage of examinations as well as at getting their values. 
There are varieties of disturbances which may work has hindrance in getting the 
real values. If a student is mentally disturbed when tlie tests are applied 
to him or if a student copy from another or likewise, leaving aside so many 

chance factors that play important parts in getting the te.st value, are all distract- 

ing factors which are most likely to hamper the real value of I. (J. aikl A. (J. 
Means should be found out to eliminate these distracting factors and to get the real 
values of 1, Q. and A. Q. 

6. Dr. Rabi Ghosh, Calcutta. 

Accurate aging of the testees is almost imjK>ssible in the application of Intelli- 
gence Tests in India. The concept of I. n. is based on preci.se determination 
of the chronological age, but the concept of A. (J. does not involve that difficulty, 
Accomplisment Test-results can have therefore more practical value and accessibility 
to practical interpretation. 

Accomplishment Tests on the one hand registers a practical measure of the 
amount of intelligence available for purposes of education in the school. They also 
indicate .in a measurable way all those otlier factors which are called into opera- 
tion in th,e performance of the specific tasks of the schwd in that setting. 

For obvious reasons A. T. results of the students create interest for their \ 

teachers as much as they would be interested to know the results of the usual 
formal examinations in schools. At the same time, such notifications of success 

may nip in the bud the extra emotional investment of the respective positions in 
the result sheet. This investment do not always bring practical return as has 
been observed. On the contrary’, it leads to blind alleys as l>ecomes evident when 
the question of career-choice comes up. .Achievement Tests to be used for measur- 
ing the success in schools will therefore lead to rational outlook., 

, A. Q.s will help authorities to subdivide students in a class for practical 

admmistratiou into separate sections according to the abilities of progress. A. Q.s 
at different ages of the same pupil and of different students in the same class will 
be more enlightening and convey more reliable data to the student, his teacher and 
guardian. Educational difficulties will l>e indicated, educational expectations will 
^ predicted and the amount of normality will be forecasted. * They convey more 
infomiation than the L Q.s for the purposes of vocational guidance. 
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7. Mr. Pars Ram, Lahore, 

1 . Achievement Tests are an improvement upon the methods of testing? a 
pupil’s proficiency in vogue at present. These tests use a large number of short 
questions which exhaustively explore all branches of the subject. This is in sharp 
contrast with the traditional method of examination which consists in giving a few 
questions demanding long answers. The new tests, therefore, offer a wide range 
of opportunities to the testee to display his mastery of the subject and they leave 
nothing to chance. Achievement tests also eliminate the handicap that slow writers 
usually experience as these tests demand the minimum of written work. Since 
achievement tests are selected after a good deal of trial and experimentation, they 
are more or less objective. 

2. The use of standardized achievement tests is likely to influence educational 
practice in the following ways : — 

(a) In due course of time the use of achievement tests will result in more 
reliance on the teacher’s opinion and the child’s record and thus dispense with 
the necessity of the centralized examination system. 

(/?) These tests have a diagnostic value and are likely to be of great valrfe 
ill a homogeneous classification of pupils on the basis of the type of ability they 
have in a particular subject. 

(c) The process of preparing achievement tests is very educative to the teacher 
as it helps him to experience for himself, the various grades of difficulty and 
(‘omplexity of the subject and the type of mental abilities required to master the 
subject. 

3. It is urged that training colleges should undertake to instruct teachers under 
training in the art of preparing achievement tests. 

I. THE PLACE OF SCIENCE IN THE INDIAN EDUCATIONAL 
SYvSTEM, 


(Authoritative summaries of the speeches sent by the participants as they have been 
available are published below. Names of those who had taken part in the 
discussions but did not sent summarries of their speeches have not been noted.) 

1. A. N. Basu, Calcutta, opened the divseussions. 

We are in the midst of a world war. As the war prolongs with all its horrors 
and sufferings it is becoming more and more evident that our social structure needs 
remodelling and reconstruction on entirely new lines. Indeed the calamitious war 
that has engulfed the whole world is but the three of the birth of a ne^ world 
order. It has become a recognised fact that any post-war reconstruction, social or 
otherwise, must harness science to the service of humanity, if it is to foster 
democratic conditions and herald a new era of peace and prosperity. In enlisting the 
services of science for the establishment of the new order we shall have to wage a 
relentless war against two fronts. We vShall have to fight against ignorance and 
complacent beliefs on one side and against exploitation and the use of the applica- 
tions of science for anti-social purposes on the other. The attitude and habits of 
imagination coming from a satisfaction with beliefs and assumptions having no 
basis in factual observations constitute our enemy number one while utilisation of 
the applications of science in group interest to the detriment of the welfare of the 
masses is our enemy number two. 

Wonderful as has been the achievement of science, it has so long been, as 
a result of its having outstripped social progress, the handmaiden of. war and 
competitive industry. If science is tQ»be rescued from his ignominous role and 
made to contribute tow^ds the creation of a juster order of society that will 
humanise the industries and will transform the bewildering complexity of a ruth- 
lessly competitive world into unity and plan, it is necessary that we .should 
re-educate the people and bring about a generation of new men. and worqen 
imbued with the spirit commensurate with the great task that lies aliead of us. 
In planning for the re-education we shall have to ask and answer a good many 
questions and one of the most important of these is — will future education permit 
science to enslave us or will it so illuminate life, so fill it with high enthusiasm 
that science will be made into a ready servant of man’s aspirations ? ^ 

The purpovse of my addressing you today is not to make out a case foi?; the 
inclusion of science in the primary and secondary school curriculum. You ar^ all 
aware of the pleas that are generally advanced in text-book on educational practice 
to stress the importance of the study of science not only in the high school but 
also in the primary and infant school stages. It is rather late in the day to 
discuss* the cultural and disciplinarian values of science, its utilitarian ^d 
avocational aspects. However grudgingly it may be, science has already ,be«tt 
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given a place in the cuiricula of our universities and schools. The question 
to-day is not whether we should teach science bui what science to teach and how 
to teach it. The encyclopaedic Comenius wanted the child in a chikrs way to 
begin all the sciences and that is not far from what the science curriculum of 
schools today want him to do in acquiring useful information. The scrappy and 
trivial value of some of the science which is taught reflects the encyclopedic 
character and the chaotic arrangement of our school curriculum in elementary 
science. 

This brings us to the question of educational objectives. Of all the ills that 
l)eset the educational system in vogue in our country today the one that seems tf) 
have successfully eluded the notice of those hitherto entrusted with tlie task of 
educational planning, is that our .sch<x)ls lead to nowhere. The considerations that 
influenced them in determining the educational policy were more a matter of 
administrative expediency than that of adjusting education to the sm'ial needs ami 
the economic interests of the people concerned. But this is largely a <iuestion of 
history and I do not propose within the short time I have at my disposal, to go 
into the historical conditions which le<l to the inauguration of the present educational 
policy". What 1 should like to impress on you is that if our children ought to get 
that vital science experience which alone can equip them to battle with the 
exigencies of a changing world wc must first make sure of tmr ediu'ational 
objectives and relate them to our imperative social and economic needs. 

I am sure we shall all agree that the general aim of all educ.alion is desirable 
behaviour. The h'ducational rolicies Commission of the National T‘'due:iti'»n 
Association of the Ignited States further analyses and elaljorates this concept 
regarding the general aim in the following terms : — 

1. Education for self-realisation involves command of important physii’.al and 
intellectual skills, knowledge ami practice of healthful living, al)ilily to play, love 
of beauty and growth in self-direction. 

2. Education in human relationships includes laying the basis of a satisfying 
home life and pleasant and useful associations with others. 

3. Education for economic efficiency involves preparation of competent pro- 
ducers and consumers who understand economic forces and can constructively help 
to solve their owm problems. 

4. ^ Education for civic responsibility includes increasing the smdal, economic 
and political understanding of individuals, and increasing their ability and desire 
to improve their corporate life. 

These aims, it will «appear, emphasise the abilities, nnderstamlings, attitudes 
and appreciations that children should have as workers, parents and citizens ; and 
a science curriculum built on the broad basis of these educational ain^s shf>uld 
.stress those abilities, understandings, attitudes and appreciations through aj)pro- 
priate kinds of action or behaviour. T need not remind you of the unrelated bits 
of information and the inane generali.sations that are taught as science in ^>iir 
schools. We teach our children rudiments of biology and yet thev remain un- 
concerned about the myriads of life-forms which swarm aroiiml them. We leacli 
them the elements of geology and extend their vocabulary with the sonorous names 
of rocks and geological ages and yet they cannot distinguish a samlstone from a 
granite or trace their influence in the soil which covers their kitchen garden. We 
give them a touch of the romance of astronomy but still they cannot find the true 
north at night or tell time by the moon. They absorl^ an amazing assorlmtuU of 
scientific information ; but that does not preclude them from transgrtssing the 
.simple rules of personal hygiene or such social regulations as are l>a-^ed on 
applications of science. < ^ne of our big problems in tlie field of public health 
has l)een .the unscientific as well as anti-social attitude even of men who liave had 
studied all .al:K>ut science and its applicatioiv' in their schcxiTs and rolleges and yet 
who would not apply their knowdedge to the solution of their every day problems. 
I am sure you are all familiar with such people. They wall glibly recite the 
generali.sations of science and will w*ax elotpient in their defence but cannot see 
the incongruity of turning to magical formula and rituals for relief in their 
afflictions. C)f what use has science been to those who have lM*en taught it ? The 
odd bits of scientific information they have gatlicred have Ixjen what Whitehead 
has called “dead and inert masses of knf)wdedge”; thev do not influence their 
life and conduct; rather they act as a drag. 

‘ In deriding what 'science we must teach, our only delennining criterion should 
therefore to ascertain what c<lucatiotial purpose s it will serve- ; ami in indicating 
how it shall be taught we must evolve such instructional practices as will induce 
childrpj to translate* tlnor ermtacts with science into aj)pro[)riate actions or 
behaviour. If science has anything to contribute to the enrichment of our indi- 
vidual ^d sex'ial life its sludv in the school grades should in the first place 
empbasi.se the development of a scientific outlook on life, an outlook which 
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at once i^ientific as well as social. For» we must remember that a truly scientific 
attitude is never anti-social nor even a-social. Secondly, as the study of science 
is to be related to life and it is to lead to socially desirable behaviour such study 
should emphasise the direct science for the improvement of human 

life not only in its material aspTCis but also its social relationships. It should 
unfold to the young scientist practical reasons for the social co-operation which 
he hears abou% so often. He should realise how many of the afflictions he and 
his neighbours suffer from are man-made. It is not difficult even for children 
to understand how wanton deforesttttion in the upper catchment of the Daniodar 
basin has been the precurser of devastating floods ; how the thoughtless killing of 
the iguana in North Bengal has led to the multiplication of such garden pests as 
the land snails; how the community might become an unenviable place if it did 
not unite in a scientific fight against flies, mosquitoes and other pests and enforce 
sanitary standards. The state enforces sanitary rules, forest reservations and 
quarantine regulations. All these social regulations are the results of applied 
science. The science curriculum if it is to contribute materially to the realisation 
of the* educational purposes should include such applications of science as have 
given us utilities that serve the community, . 

Secondly, the science that our schools teach not being closely related to the 
child’s environment has an air of mireality about it. Many of our budding 
scientists will readily account for the rosette leaves of the unfamiliar daisy but 
at the same time fail to point out the advantage of the tall outstanding flowers to 
the familiar plantation. Until the science our schools teach seeks to interpret to 
the child his own environnienl it cannot affect his behaviour. 

Tliirdly, science instruction is even at its best carried out through formal 
lessons given at set periods. It has ignored the psychological fact that child’s 
mental images, concepts and power of imagination grow out c)f what he sees, 
handles and does, and words, even when supported by visual aids, mean little to 
Iiim unless associated with active experience. The science master’s functions is 
not to teach science but to bring his pupils into contact with the right kinds 
of science experience. 

It would thus appear that the new aim of science teaching will not call for 
so much of factual instructions or of scientific clas.sirication as of developing a 
sharpened insight and of fostering interests in matters that contribute to the 
common-weal of the society. The new science we shall teach should bring about 
contacts with things, living organisms and movements of life. It will provide 
our children with opportunities to use their eyes, hands and independent brains. 
It will, in short, seek to build up the kind of mental integrity that grows out of 
direct contact willi the realities of life. This science will have a community 
individuality and will stress its practical and social applications. , 

The training programme for teachers of this new science should not only give 
them an adequate knowledge of the basis scientific generali.sations but should also 
provide them with opportunities for such first-hand observations as form the basis 
of these generali.sations. It should bring borne to them that even elementary 
science can be connected with practical pursuits and that many problems in it can 
be introduced by directing pupils’ attention to local conditions. It should besides 
make them conscious of the inadequacies in the industrial, economic and public 
health organisations of their own community and develop in them the right kind 
of social consciousness. 

The teaching of this new science wdll be in the hands of a teacher who must 
not only have an adequate knowledge of science but will also be keenly aware of 
its potentialities in promoting ihe common weal. His academic and professional 
training should not be confined to science, still less to one branch of science for he 
must not offer to children a course solely based on his own academic ahd pro- 
fessional studies in sciences but should^ constantly bear in mind the relation of 
science to other parts of the curriculum as well as to the social and economic 
interests of the community it is his privilege to serve. 

Schools teaching this new science will have to be adequately equipped. In 
speaking about equipments I am not thinking about gas burners, electric points 
and such neat apparatus and scintilating glasswares as can be bought from com- 
mercial scientific concerns. Most of the specimens required can be collected by 
the pupils themselves. A good number of the apparatus needed can be made 
locally under the direction of the teacher. But even this will cost money and 
that nioney has to be provided for. Then there has to be #^hature garden, ^n* 
aquarium and cages for animals, birds and insects. A museum sei?«i^.e will hiSe 
to be set up for providing visual instruction and the lending of costly models and 
specimens to a group of schools. If all this is worth doing money has to W 
found. Mr, John Sargeant by his courageous planning for post-war educational 
reconstruction has given us a very useful lead in this direction, 

8 
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Ipo sum up then, I suggest that : . 

(1) a new orientation is to be given to science teaching; this should be in 

consonance with our general educational objectives. We must define these objec- 
tives clearly as we must define our teaching. 

(2) The entire science curriculum is to i)e"Tecast and reoriented in the light of 
bur aims. It is to be correlated with other subjects in the curriculutn and also 
with the life experiences of the pupils. Such correlation is specially necessary 
between science, hygiene and civic training. 

(3) The techniqtie of instruction is to be ■ reorganised cm the new basis sug- 
gested above. 

Further, I would suggest that in each province a commission should at once 
be appointed to go into the question and to give concrete directions. Tlie Commis- 
sion should consist of teachers and scientists as well as administrators. 

I have no pretension to scientific training but as a teacher I have felt end 
I feel confident that many of you share this feeling with me, that science freed 
from its bondage to medieaval war-lords and industrial magnates will materially 
contribute to the creation of a new world order and that our science instracti>ii 
.should he, planned on the basis of the new role that science has to play. It is 
for you to indicate the pattern of the new science teaching and say that if educa- 
tion builds on this, pattern it will assuredly Ix^conie a powerful directive force in the 
building of a far more adequate civilisation than we have today. 

Dr. K. C. K. K. Raja. 

The two previous speakers dealt with the subject from the point of view f)f 
the cultural aspect and vocational training respectively. I should like to invite 
attention to a third and equally important aspect of the problem, namely, that of 
extending as far as possible the field of selection for research workers. 

Kven in countries where researi'h has Ixren encouraged much more than in 
India, the field for the selection of the scientific worker has lx‘e*n limite<l. The 
opfiort uni ties for training in .special branches of research are not open to all. Con- 
ditions such as birth, s(X'ial position' and wealth conlimie tf* infiiience to a large 
extent the scientific careers that are open to indivhhials. h'ven with the introrluc- 
tion of universal education up to the elementary and se«'ondarv scIkk)! stage and 
the provision of facilities for further training tlirough Stall* ai<l of deserving pupils, 
the net has iK»t tieen cast sutliciently wide to ensure that those who are gifted 
by nature for a career of sctentific re.search are secured f(»r the service of the 
country. It is only by introducing training in science in the early stages of 
education and by promoting the scientific outlook that the child with an aptitude 
for research can lx discovered and encouraged in later life to ('fuitribute his sliare 
to the advancement of scientific knowledgi*. 

We must get away from the idea that researih for the furtheratice i)f knowledge 
is the privilege f>f the few\ Scientific research is based on the development of a 
talent for making careful observations, of recording them correctly and of drawing 
suitable conclusions from them. Two instances may lx quoted. They are from 
the field of public* health with which I am more familar than with other subjects. 
About I HO years ago an Knglish physician named Sir Ger^rge Baker w as consulted 
about some cases of colic and arm paralysis in Devonshire. lie went ilowii to 
the place and on investigation found that a large inimlxr of patients had been 
admitted to the hospital at Kxetcr with the .same malady and that there was an 
association between this outbreak of diseases ami the drinking of cider. Further 
enquiries showed that alxnit eight times as many patients came from Devonshire 
as from, cider-making Irxalities in the neiglilx>uring couiiltes of IIereff»rd, GloucCvSter 
and Worcester, On further investigation be found that llv* cause was the presence 
of lead in the cider which the people drank, it having tx‘en intrcxlnced during tbe\ 
proce.ss of manufacture, either through cider presses rlamt)ed together wdth iron 
fixed by melted lead, or in certain cases from the casks or vats containing leaden 
weights which had l>een put in to prevent the cider turning sour. Chemical 
analysis proved that the Devonshire cider contained lead in solution, while the 
Hereforeshire cider did not. Here is an example of the application of scientific 
method in the investigation of a problem requiring onlv pf>W'ers of observation and 
of inductive logic. 

, Another instance is the discovery of the protection that covvpox can confer 
against smallpox by TMward Jenner towards tne close of the J8th century. His 
starting point was a tradition which was prevalent in Gloucestershire that persons, 
wmo developed from the cow an infection which had n rescemblance to snialljM^^* 
were tliereby rendered immune against smallpox. To verify this hypothesis Jenner 
inoculated a small number of persons with the material from cowpox and, after 
a time, with material from smallpox and in every case the persons cottC|sriied did 
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not develop the disease. In view of the known fact that natural immunity to 
smallpox exists in a certain number of persons, the evidence produced by Jenner 
might not be considered sufficient to justify the conclusion that he drew. Never- 
theless, his hypothesis was proved, many decades later, to be quite correct by' 
experimental evidence being produced to show that the smallpox virus can by 
passages through the calf be converted into the cowpox virus. Such work has 
been done in Kngland, in the U. S. A. and a few years ago at the King Institute, 
Guindy. * 

I plead for changing the mode of teaching science in schools. It is essential 
to change the present system of teaching science. What is required is to give the 
growing child an idea of the dramatic character of scientific advance as well as to. 
arouse his active interest by enabling him to translate what he is taught into 
practical action in the daily affairs of life. The history of science can be taught 
in such a manner as to stimulate the child's curiosity and to correct any tendency 
towards dogmatism by pointing out to him how the application of the results of 
scientific research has resulted in the betterment of living conditions and how, at 
the same time, the theories on which scientific advance has been based are subject* 
to continual change. 

The practical application of the theoretical knowledge that is given to him is 
all important. For instance, in the field of health education, it is not sufficient to 
inculcate the principles of healthful living by a series of talks to the child. 
The necessary facilities should be provided and the child should be taught, during 
his school hours, to use these facilities in order that healthy habits may be 
developed. In America I understand that instruction in nutrition is reinforced 
by the children being divided into groups and each group being given a certain 
number of rats which they are to feed with special diets. The children make 
observations from day to day and record them. The result is that they acquire 
a more intimate knowledge of the effects of ill-balitnced and well-balanced diets on 
health than they can derive merely from books or from lectures. Further, the 
habit of making observations and of drawing inferences from them will prove 
valuable to them in whatever walk of life they may be engaged in later years. 

Further, when science is taught in schools with a bias towards its application 
to life of the community, the intellectual and emotional development of the child 
should be on correct lines and should he^) to equip him for his future responsi- 
bilities as a citizen. 

IVIr. Bose has suggested that provincial authorities .should set up committees 
for drawing up a programme in order to give .science its rightful place in the 
school curriculum. I submit that, for the sake of securing a reasonable measure 
of uniformity, a central committee should undertake this task and that its pro- 
gramme .should be made available t(» provincial authorities for such alterations 
as they may consider necessary to suit local requirements. 


REPORT OF THE DELHI SYMPOSIUM 

The symposium on Science and Its Place in Indian Education was held in 
the Delhi University Hall at 3 p.m. on the 3rd January, 1944, with Mr. John 
Sargent, the Educational Adviser to the Government of India in the Chair. There 
was a large attendance of delegates and visitors. 

Mr. Sargent explained the objects of the symposium in a few words and 
then called upon Mr. A. N. Basu to open it. In his speech Mr. Basu defined the 
aims and objectives of leaching science with special reference to this country 
and examined the present position of .science teaching in the light of thes’e aims. 
4le suggested that science syllabus sholild be revised and the teaching* methods 
improved and in order to give effect to these suggestions he reconimended that 
the provincial goveniments should immediately appoint expert Committee to go 
into the question. 

Mr. Basu was followed by Dr. W^W. Wood, the Principal of the Delhi Poly- 
technic who emphasized on correct methods of developing scientific outlook in our 
pupils through hobby clubs and' other such devices. Then Riio Bahadur , Dr, 
K. C. K. E. Raja addressed the symposium. He discussed the problem from* the 
public health point of view. 

The discussion was then made open to the members of the audience. Mr.^ 
Sargent called upon Prof. A. V. Hill to speak a few yvords on the subject. 

Prof. Hill began by observing that the attitude of educational administrators 
was not always in favour of science. He (|uoted the example of the Headmaster 
of the Harrow School who spoke disparagingly of the arrangements for teadiing 
Biology 1;o the sixth form boys. We have to realise, he said, that there Was no 
conflict l>etween the old classical culture and the new culture based on jcience. 
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It is a pity that men were not educated enough to appreciate the value of science. 
Prof. Hill pointed out that all of us need not learn all about everything in science 
but that we should be familiar with certain principles and their application/ Such 
knowledge will help us to develop the correct scientific outlook. 

Mr. Altaf Hossain of Hyderabad then referred to what was bein^ done in 
the Osmania University in the matter of teaching science.' Genefal science both 
theoretical and practical had been made compulsory there. 

Dr. J. F. Bulsara said among other things that the development of the correct 
scientific outlook was more important than mere teaching of scientific facts. 

Dr. V. S. Pao pointed out that it was not possible to improve science teaching 
without first improving the lot of teachers of science. 

Dr. ^1, N. Saha emphasised the necessity of educating the people into a correct 
appreciation of the values and contributions of science to modern life. He told a 
story of how on one ixcasion administrators who lacked such education were on 
the point of destroying important scientific work that was being carried on in 
a well-known scientific institute in this country. 

. The symposium w’as concluded with a few remarks from the Chair. 
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